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our standard procedures, the reader is referred to the
1969 text.

Among the essential items is our perennial remark
that it is inappropriate to make reference to this
compilation instead of to an original work (to which we
even provide a handy citation), but some people still
just quote us, without warning the reader that ours is a
review and not an experiment. To emphasize this
point we ask that this article be referred to as "Review
of Particle Properties" and that the tables with the
averaged values be referred to as "Particle Properties
Tables. "Further, please attribute them to the Particle
Data Group rather than to individuals.

To make communication easier we now state who has
concentrated on each major area. The list for the last
42 months is:

Stable I'articles: N. Barash-Schmidt, A. Barbaro-
Galtieri, and Stephen E. Derenzo. Our European con-
sultant is Matts Roos; our eta meson expert is LeRoy
Price.

Mesorts: Matts Roos and Paul Soding; our U. S.
representative is A. H. Rosenfeld.

Baryorls: A. Barbaro- Galtieri, Claude Bricman, and
C. G. Wohl.

Genera/: All of those at Berkeley cooperate on data
processing, preparation of listings, tables, figures, text,
etc., and, prograraming and publication.

This review is an updating through October 1969 of
Particle Data Group (1969), with minor changes.

In this text we concentrate on topics that are either
new or essential. For complementary information on

Q*gThe Berkeley Particle Data Group is jointly supported by the
U.S. Atomic Energy Commission OfIjce of Standard Reference
Data'of the National Bureau of Standards.

We enjoy and need your help in the form of sugges-
tions, preprints, and the verification forms that you
return. Please keep up this necessary communication.

II. SOME STATISTICS

We present here Fig. 1, which is an updated version
of the same figure from the 1969 review, but we omit the
discussion which accompanied it.
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Of course most of our work involves deciding how to
handle data. Often it is best, in making weighted.

averages, to omit a given result. We have a provision for
setting such data off in parentheses and we use it for
the following reasons:

The quantity was presented with no error stated.
The result comes from a preprint or conference

report and has not been verified by its authors.
It involves some assumptions that we do not wish to

incorporate.
It is of poor quality, e.g., bad signal. -to-noise ratio.
Two experiments give contradictory results, and

more study is needed.

We then end up averaging only about one-half of
our data cards.

When the data for a particle have received special
treatment, this is noted in a "mini-review" in the data
card listings.

100 FÃ///////' Total C

~~&~~Quoted only
Highest quality data

0 I I, , (OK for averaging)

1964 1965 1966 1967 1968 1969

FIG. i. Statistics on the increasing rate of production of data in
particle physics. From the top to the bottom, the number of
results per' half-year are presented for stable particles, meson
resonances, F~+ *'s, and the total of three above. The full
lines correspond to bubble-chamber techniques (BC) and inter-
rupted lines correspond to counters, spark chambers, and mass
spectrometers (C) . Within each topic (stables, meson resonances,
etc.) and for both techniques (BC and C) the lower lines cor-
respond to highest-quality data (accepted for averaging and
fitting) and the upper lines correspond to all the results (including
those which we only quote) The das.hed areas give the number oi
nonaveraged results. Note that the figure omits Ã* and Z*, the
Geld where counters have overwhelmed bubble chambers, because
we punch mainly results from review articles instead of primary
data.

The entries in Fig. 1 tend to rise from year to year,
and a quick glance may suggest that they give cumula-
tive counts. This is not so; we list entries per unit time,
and the slope indicates only that our field is still
growing. Naturally, the keenest competition between
bubble chambers and "counters" is in experiments with
stable particles. Bubble chambers provide almost all
the information on mesons, but electronic devices and.

polarized targets have been needed to disentangle most
of the X~'s, as noted in the figure caption.

III. RETRIEVAL AND SELECTION OF DATA

Our procedures are as follows. We read. journals and
preprints and from information so obtained we punch
data cards and reference cards for each relevant experi-
ment. These cards are listed following the main text.

Computer programs make weighted averages of these
data, and the results are summarized in three tables:

(i) Stable Particles, covers all particles which are
immune to decay via the strong interaction.

(ii) Meson Resonances.
(iii) Baryon Resonances

IV. CRITERIA FOR "RESONANCES''

In 1969 we stated that we would not dismiss an
othenvise convincing "resonance" just because it might
have a possible nonresonant interpretation, usually a
threshold enhancement. Thus we list the A1, Q, and L
mesons, and warn that they may turn out to be just the
appearance of a threshold enhanced by diGraction.
Further warnings appear in the listings.

We take as the final test of a resonance the appearance
of the Argand plot of the partial-wave amplitude. Thus
the lowest-mass X~ bump seen in diGraction experi-
ments like pp~Ã*p is associated with the resonant
behavior near 1470 MeV in the Pit w p partial wave.
We list X'(1470, —',+) as a resonance. On the other hand,
the bump in o(K+p) seen near Eh threshold Lthe
candidate for Zi(1915)j is still not really confirmed by
the Argand. plots (although there are suggestions that
the P» amplitude, either Xp or Eh, may resonate
somewhere). So we keep Zi down in our list of ques-
tionable candidates, omitted. from the main table.

V. NOTES ON THE TABLES

A. General Notes

Quoted errors represent standard deviations. In-
equalities are also standard deviations or 1/e confidence
levels. In I~(Jr) C we have I=isotopic spin, J'= spin,
and 8=parity. The others —G and C (or C„)—are
discussed in Sec. VII (Mesons) . Well-established
quantum numbers are underlined (except for stable
particles, where most of the quantum numbers are
established). We have used flimsy evidence to guess

many of the remaining ones, and we have indicated with
"?"the ones for which there is almost no evidence.

As is customary, we define antiparticles as the resuh
of operating with CI'T on particles, so both share the
same spins, masses, and mean lives. Whenever there is
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a particularly interesting test of CPT invariance we
include it in the Stable Particles table.

For resonances, F represents the full width at half-
maximum, and "Mass" means that energy at which the
resonant part of the amplitude reaches its maximum.
Notice that even in the absence of problems with back-
ground, there are kinematical factors in the relations
between cross section 0. and amplitude T, so that one
cannot expect that the peak in cT will be observed at the
"Mass" that corresponds to the peak in

I
T lp. For

quantitative examples, see Barbaro-Galtieri (1968).

B. Fluctuations in Average Values Since the
Preceding Edition

Any quantity which has changed by & 1 (old)
standard deviation from its tabulated value in January
1969 is italicized. Our motivation is twofold: (1) we
are calling attention to poor procedures either on our
part or on the part of the experimenters; (2) we suspect
that quantities which have fluctuated unexpectedly in
the past may continue to do so in the future. (We are
not sure that this latter point is correct, but it seems
reasonable. In particular we guess that there is a
correlation between harder-than-average experiments
and large fluctuations in the results. )

In our experience, the results most lik.ely to cause
trouble are those presented in papers hurriedly prepared
for conferences. Even if the authors later stick by their
central values, they often eventually revise their errors
upwards. We list results from conferences and preprints
in parentheses, but exclude them from averages until
the authors specifically write to us to certify them.

VI. NOTES ON STABLE PARTICLES TABLE

Tabulation of both decay rates and branclting fractions.
Some theories will predict partial decay rates, others
will predict branching fractions. In comparing such
predictions with experimental results, one cannot get
directly the errors in the rates from the errors in the
fractions because of the correlated errors. This is
especially true if the errors on the fractions are com-
parable with the uncertainty in the over-all decay rate,
as in E decays. Then we tabulate both fractions and
partial rates. A comparison with the 6 I I I

= ~~rule for
E decays is reported in Appendix I.

A. Muon-Decay Parameters

The p-decay parameters describe the momentum
spectrum (p and &t), the asymmetry ($ and b), and the
helicity (It) of the electron in the process tt~~e++y+ y.

Assuming a local and lepton-conserving interaction, the
matrix element may be written as

Q(e I
1"; I tt)(y I

f', (C;+C y ) I y),

where the summation is taken over i= S, V, T, A, I'.

Using the definitions and sign conventions of Kinoshita
and Sirlin (1957),we have

p= E3gA +3gy +6gr 7/D,

st= Pge gp
—+2gA' 2gy—7/D,

$ = L+6gsgP cos &t'sP 8gAgy cos /Ay+ 14gr cos &jt&TT7//D&

b= L 6gAgy' cos QAy+6gr 'cos QTT7//D$&

it= ~t 2gegt cos pep —8gAgy cos /Ay —6gr cos QTT7//D&

where
D= gs'+g~'+4gA'+4gy'+6gr',

c, l2+ Ic,'

cos &t;;= Re (C;*C +C,'C,*)/g,g;

The quantities g; are dined to be real positive numbers,
and the &t,; are phase angles between the i-type and
j-type interactions. Under the assumption that C = —C;
and C, '= —C, (two-component neutrinos), the S, I',
and T terms vanish, and &t&Ay is the phase angle between
C~ and Cy in the complex plane.

By using the above equations and the experimental
values of p, st, $, b, and ls we can place limits on gs/gy,
gA/gy, gr/gy, gT/gy, and &iAy. Note that most experi-
ments study only the upper end of the spectrum where

p and p are highly correlated, so they can only report
p for g=—0 and g for p =—~. The values for p and q we use
here were obtained by combining measurements of
both upper and lower ends of the spectrum and are
nearly uncorrelated.

We have defined a g~ which indicates how signi6cantly

p, rt, P, b, and h deviate from their experimental values

pp, rtp, $p, bp, and hp in units of their experimental uncer-
tainties O-„o-„, rp, O.q, and O.q.

x'= I:(p—po)'/a. '7+ L(~—np)'/~'7

The standard-error matrix techniques have not been
used here because the y' contours are far from elliptical
in shape. For example, gA/gy vs &t&Ay has a y' contour
which resembles the letter V, and the best-Gt values are
at the apex. Accordingly we have determined limits for
ge/gy, gA/gy, gr/gy, gt/gy, and @Ay as the largest and
smallest values within the x;„2+1hypersurface. The
results, listed in the data cards, assume neither two-
component neutrinos nor time-reversal invariance. If,
however two-component neutrinos are assumed, then
sin &bAy is the amplitude of time-reversal violation.

The radiative corrections are unambiguous only when
go= gr=gt =0. The same limits on gA/gy and &i&Ay are
obtained, however, as when gq, g~, and g~ are left free.
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B.E-Decay Par~~eters

CI' violation im Eo decays. Parameters of current
interest are

=A (Ez;+7r+pr—
) /A (Es~+pr )

=
I 0+ —

I exP (i4' +—)

rtpp=A(Ez~ 7r )/A (EB~ P P)

=
I happ I exp (&pp).

The phases P+ and happ have been measured directly,
whereas the magnitudes I q+ I

and
I rtpp I

are derived
parameters. We have used, as far as we could, the
directly measured quantities as input and have calcu-
lated

I p~ I
and

I rtpp I
from the values given by our

constrained Qts. Therefore, if one looks at the data
card listings, most of the

I rt I
measurements appear in

the form of branching ratios, with appropriate com-
ments.

5S=QQ rllein E decays. The validity of this rule is
measured by the parameter x, deined as

A (KP~z= l+~) /A (EP~ t+p)

We list Re x and Im x.

Form Factors in Eg Leptonic Decays

Assuming that only the vector current contributes to
these decays, we write the matrix element as

(~ I
~

I
E)"Lf+(q') (& +&-) +f-(q') (& —&-)~j,

where I'~ and I' are the four momenta of E and vr

mesons; f+ and f are dimensionless form factors which
can depend only on q'= (E& F)', the square —of the
momentum transfer to the leptons. The parameters we
list are Xz, the energy dependence of the f+(qP) form
factor,

f+(q') =f+(o) L1+~+(qlm-)'3;

and $, the ratio of the two form factors,

k=f /f+. -
The quantity & can be determined in different ways:

(1) by measuring the E»/E, p branching ratio and
comparing it with the theoretical ratio as given in
terms of $(0) =f (0)/f+(0):

I'(E»)/I'(E„) =0.6487+0.1269 Re $+ 0.0193
I $ I

+1.390++0.476K Re $

(see CABIBBO 66 in E+ card listings) .
(2) by measuring the m or lepton momentum

spectra and comparing them with the predicted spectra,
which are functions of $ (see, for example, BRENE 61
in the E+ card listings).

(3) by measuring the muon polarization in E»
decay. In the rest frame of the E the p, is expected to be
polarized in the direction A with P=A/I A I, where A

is given (CABIBBO 64 in E+ card listings) by

A= a~(k) p —a (5) I (p~/m~) L(m~ —& )

+(p- p.) (&.—m.)/I p. I') j+p.}
+mx Im &(q') (p-"p.).

If time-reversal invariance holds, we expect $ to be real,
and thus expect no polarization perpendicular to the E-
decay plane. See the note in the listing, after K+ decays,
for discussions of experimental results.

C. Baryon-Decay Parameters

A/V ratio for baryon teptonic decays. The baryon part
of the matrix element for these decays may be written
as

(~t I v~(g —
g v ) I ~'),

where 8; and Bf represent initial and final baryons, and

g~ and g~ the axial and vector coupling constants. Here
the Pauli metric is used for the y matrices. The definition
of g~/gr is

g~/gr= I g~/gr I
e

where 6 is expected to be 0+n7r if time-reversal in-
variance holds (see JACKSON 57 in neutron card
listings) .

In neutron beta decay the measurements are con-
sistent with time reversal, so gz/gr therefore is nearly
real and has been considered to be such in all the baryon
leptonic decays. Notice that by using the above
definition of the matrix element with the Pauli metric,
the value of g&/gr in neutron beta decay is negative.

We compile the ratio g~/gr with its sign, for those
decays for which it has been measured. For the neutron
beta decay we compile also the phase 6.

Asymmetry parameters in nonleptonic hyperon decays.
The transition matrix for the hyperon decay may be
written as

M=s+p(o. q),

where s and p are the parity-changing and the parity-
conserving amplitudes, respectively, o' is the Pauli spin
operator, and g is a unit vector along the direction of the
decay baryon in the hyperon rest frame.

The asymmetry parameters are defined by the
relations

a=2 Re (s*p)/([s I'+
I p I'),

p=»m ("p)/(I ~ I'+
I p I')

v=(I s I' —
I p I')/(I s I'+ I p I')

With the transition matrix (1), the angular dis-
tribution of the decay baryon, in the hyperon rest
system, is of the form

I=1+nPr q,

where Pr= (F I
o

I F) is the hyperon polarization.
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The polarization P& of the decay baryon is'

(n+PY' q) q+p (Pr & q) +vq & (Pr & q)
Pg ——

1+nPr q

where P& is defined in that rest system of the baryon
obtained by a Lorentz transformation along q from the
hyperon rest system in which q and P& are dehned.
Note that o. is the helicity of the decay baryon for
unpolarized hyperons.

The three parameters n, P, and y satisfy the relation

VII. NOTES ON THE MESON TABLE

A. The Symbol-Minded Approach

If a meson has a well-accepted colloquial name, we
use it. If not, we name it by a single symbol which
specifies its atomic mass number A (=0 for mesons),
its hypercharge F', its isospin I, and, for a nonstrange
meson, its G parity I see Eqs. (2) and (3)j.We choose

I=0; rt if G is even, P if it is odd

ns+P2+ ~2

It is then convenient to describe hyperon nonleptonic
decays in terms of the two independent parameters 0.
and the angle @ defined by

I=1.
7

1.
27

3 ~

27

pif Gis even, x if itis odd

(if ever established) I..

P=(1 n) t sing

(1 ns) its cos

which has a more nearly Gaussian distribution than P
or p. Evidently

for y) 0,

+rssr&P&sss for y&0.

In discussing time-reversal invariance, the quantity
of interest is b„defined by

n=2
I
s

I I P I
cos A/(I s Is+ I P Is)

~= —2
I I I PI A/(I I'+ I Pl')

that is, A is the phase angle of s relative to p. Evidently

for n&0,
+-,'ir&A&-,'s- for n&0.

Under the assumption of time-reversal invariance, the
angle 6 must satisfy the relation

modulo m, where 8, and b„are the pion —baryon scat-
tering phase shifts at the appropriate energy and for the
appropriate isospin state. For h. decay, assuming the
validity of the I AI I

= s rule,

5=8,—8„=(6.8&2.0) deg. '

On the data cards we list n and P for each decay since
they are the most closely related to the experiments and
are essentially uncorrelated. Whenever necessary we
have changed the signs of the reported values, so as to
agree with our conventions. In the Stable Particles
table we give n, @, and A with errors; and for con-
venience we also give the central value of y, without
an error.

~ Lee and Yang (1957). Note that this paper contains a mis-
print. The minus sign in the definition of P should be replaced by
a 2. In addition, our unit vector q is the direction of the baryon,
whereas their unit vector p is the direction of the pion.

2 This value for 8,—8„ is derived from the phase-shift analyses
by L. D. Roper, R. M. Wright, and B.T. Feld, Phys. Rev. 138,
B190 (1965).The error is our estimation of the uncertainty.

3.6 Parity and the Shorthand C„

The charge conjugation operator C turns particle
into antiparticle and has eigenvalues ~1 only for
neutral states; so it is useful to define an extension G
which has eigenvalues for charged states too. It is
usually3 de6ned by

G=C exp (ArI„). (2)

A neutral nonstr ange state is an eigenstate of
exp (i7rI„) with eigenvalue (—1)r. Then we can write
the eigenvalue equation for the whole multiplet as

G= C„(—1)', (3)
where C„(rt for neutral) is the eigenvalue C would have
if applied to the neutral member of the multiplet.
Thus, for a s. , C has the eigenvalue 11, and since I= 1,
G= —1. For the charged pion there are no eigenvalues
corresponding to C and to the isospin rotation, but Eqs.
(2) and (3) still give G= —1.

C. C, I', G for Meson~Particle-Antiparticle (e.g.,
sr'., EE, Pp, or Quark-Antiquark)

Many of our quantum-number assignments are based
on Eqs. (4) and (5) below. These same equations also
apply for the quark model; their meaning is as follows.
Consider a meson as a bound state of fermion —anti-
fermion, e.g., gq, with orbital angular momentum /,

'Most texts define it as in Eq. (2); see, e.g., Gasiorowicz
(1966); however, sometimes the rotation is taken about I . The
difference between the two conventions is mentioned in a footnote
in Ktlllen (1964).

To crowd even more information onto the symbol, we
add a subscript giving J~. Thus rte+(1070) . If J~ is not
known, but must be "normal" (0+, 1, 2+, - ~ ~ ), e.g.,
because E7f decays are seen, we use the subscript E.
Thus Xtr(1420). If such modes are Not seen Land are
not otherwise forbidden, e.g. , by Eq. (5) below), we

guess that it is because J is abnormal, and we write,
for example, K~ (1320).

When two states have identical quantum numbers,
we add a "prime" to the heavier, e.g. , rt, rt'; f, f' Pand
for baryons we write, X, 1P (1470, s+) j.
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TABLE I. I~(J~) of mesons from qg model. j."or the distinction between "abnormal J~" and "abnormal C," see text. I=-,' states
share the same values of J~ as the I=0 and 1 states shown, but are not eigenstates of G. The middle colum&, which gathers together
(J )~ „~CP is a redundant intermediate step intended to make the table easier to read.

qq State
CP CP

I

0

S

(JP) CP

Normal or
abnormal

(o )A-

)G(JP)C

0(0 )+

Il (0 )+

Jo-(~-)-
l~'(l )-

Examples and comments

3
0

3

D

[0-(l')-
jl'(~')—

+ Jo'(0')+
1l (0 )+

0(X)+
c(&)+

+ 0 (2 )~
(2 )4

to 2.).1

1& (2 )+
W M m M M W M W M & M M M M W

(~)N
same as S3

q +( 4060)

mN( ip l6)

Regge recurrence
of &S0, 0

3D

3D3

(' )A
0 (2 )-1
~'(2-)-

'

J &2

Regge recurrence of
top abnormal-C state
below: (5+)C = (0 )-

3
3

(3')A-
W

(2 )

(3 )A

(4) +

'r.T & 2l
3same as P

r

J &2

r

r

e'tc.

Another A2?

All exceptAbnormal C

ABNORMAL C STATES THAT CANNOT COME FROM qq MODEL

~0 (0 )-
1~'(0-)—

state s

Ha. ve no qq

mode l

(0 )N-

(~ )N-

(3 )N-

. 0 (& )+
1 i (l )+

0 (0 )-
& (0 )-

JO (2 )-

1
1 (2 )-

[0 (3.)+
'1&(3 )+

J = 0

are

PJ = normal„

CP =-i
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and with the two quark spins coupling to give a spin S.
T''hen one can show that the charge-conjugation eigen-
value Ldefined in Eq. (3)] is

fore the tabulated masses are not averages, but plausible
guesses, and the errors are "external errors" based on
the consistency among diGerent analyses. For the
procedures adopted, diferent from resonance to
resonance, see the appropriate mini-review in the data
card listings.

Resonances with mass M&2000 MeV have been
detected primarily in total-cross-section experiments.
Any bump in the total cross section of size 0-„, at the

(4)1) t+s

Eqs. (3) and (4) combine to give

G —
( 1) t+s+I

The parity is

P= —(—1)'

Equations (4) and (6) combine to give

(5)

elasticity x, and the J assignment of the resonance
through the expression

(6) value of the resonant mass gives information on the

C P= —(—1)s

so all singlets ('Sp iPi ) have C„P=—1, and all
triplets ('Sp, ' ') have C„P=+1.

If, instead of gg, we consider the meson as a state of
boson arttiboso—rt (e.g. , A2~ZE), it turns out that some
signs cancel, and Eqs. (4) and (5) /not (6)$ apply
Nechueged. Of course the mesons are usually spinless and
S is zero, but the equations are more general. Equations
(4) and (5) can be considered. as selection rules for-
bidding many decays.

For proofs see our 1969 text, and Appendix by C.
Zemach. We repeat here the summary Table I, which
we used in 1969 as Table II.

&res(total) —4&~ (++v) &e

If J and x, are not separately known, the product
(J'+ iv) x, for the resonance is given in the baryon table.

IX. PROCEDURES FOR TREATING THE DATA

This discussion is divided into two main topics:
(A) Problems of inconsistent experiments, which
cause us to introduce ideograms and scale factors, and
(8) Procedures for constrained fits, where of course
inconsistent data cause some extra complications.

In the absence of constraints, we can simply calculate
a weighted average

Zg for I'= 2,

X for I"=1,

for I'= 1,

A for I"=0,

Z for I"=0,

for I"= —1,

0 for I"= —2,

I=O, 1;
1 ~

27

I=—';27

I=0.
7

I= 1.
7

I= —'.
27

I= O.

For the lowest-mass state of each I' and I we use the
symbol standing alone; for the heavier states, the mass
is in parentheses Li.e., X(1688), A. (1405), Z(1765),
etc.j. The J~ assignment is reported in the table as
2+, 2, 2+, etc., and also by the symbols P», D», F»,
which refer to the partial-wave amplitude where the
resonant state occurs (the first subscript refers to the
isospin state).

Most of the useful information on the E, 6, A., and Z
with M &2000 MeV has come from partial-wave
analysis. Masses and widths of Inost of these states are
dependent on the data and on the model used by the
diferent groups that performed. these analyses; there-

VIII. NOTES ON THE BARYON TABLE

Just as we did for mesons, we identify baryon states
by a single symbol which specifies atomic number
(A = 1), hypercharge F, and isospin I, but for baryons
no attempt has been made to attach a subscript about
J and P. The symbols are

where the sums run over E experiments. We also
calculate g' and compare it with its expectation value
of S—1.

A. Inconsistent Data

If p' is larger than X—1, but not ridiculously so, we
still average the data, and then try to make up for this
perhaps unwarranted procedure in two ways:

1. Ideograms

Ke plot an ideogram to guide the reader in deciding
which data he might reject before making his own
selected average. Previously each experiment ideo-
grarrUned was assigned the same area, but this year we
have decided that for the purposes of visual display it is
perhaps more meaningful to weight each experiment by
1/8x;, i.e., by the inverse of its error. We base this
weight on the assumption that an experimenter will
work to reduce his systematic errors until they are
slightly smaller (but seldom much smaller) than his
statistical errors. Thus as a bubble-chamber physicist
gets more events, he will use them both to reduce his
statistical errors and to study his biases. Our con6dence
that a significant systematic error has not been made in
his experiment, as compared with other contradictory
experiments, then tends to go up as 1/8x;.

But why not assign a weight 1/bxP, as is done when
computing a weighted averageP We feel that this is
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LIEIGHTED AVERAGE = 38.6 ~ 9.7
ERROR SCALED BY 1.8

.DOE

CRENNELL
.DOE

68 HBC
68 HBC
67 HBC
67 HBC
67 HBC
67 OSPK
67 HBC
67 HBC

LJEIGHTED AVERAGE = 38.6 + 9.7
ERROR SCALED BY 1.6

-50 0 SO 100 1SO 200
A2 LIIDTH (MEV)s K KBAR MODEs UNSPI IT

(a)

CHISQ

4 ~ 9

1.3
0.2
4 ~ 8
1.3
0.4

12.9
(CONLEV
=0.024)

inverse square of the error) and the ideograms prepared
for visual display. The former arithmetic is of course
best if one has statistically distributed input, and yields
a narrow Gaussian distribution centered at the weighted
mean. The ideogram (often multipeaked and certainly
not Gaussian) is based on the opposite hypothesis that
some of the input is.systematically in error. The idea
behind least-squares averaging is that experiments
1, 2, 3, etc. , are all valid (so we should multiply their
probabilities); our ideograms are based on the assump-
tion that 1 or 2 or 3, etc., is valid, "hedged" with 1/8x,
betting odds; we then add their probabilities. Both
approaches cannot simultaneously be right; we leave it
to the reader to choose. A glance at the ideogram will

show, however, that the discrepancy is often not severe
for reasonably distributed input.

Z. SCALE Fact«

If ys)X—1, we increase the error 8x in Eq. (7)
by a factor

J
~ ~ ~

.DOE

.CRENNELL

.DOE

.DAHL

DAHL

-SO 0 50 100 150 200
AZ LIIDTH (MEU) s K KBAR MODEs UNSPLIT

68 HBC
68 HBC
67 HBC

67 HBC

67 HBC

67 OSPK
67 HBC
67 HBC

CHISQ

4.9

1 ~ 3
0.2
4.8
1 3
0.4

12.9
(CONLEV
=0.024)

equivalent to assuming that large systematic errors are
as infrequent as large statistical fluctuations, and that
this is unrealistic.

Figure 2 shows ideograms prepared both the old
(equal area) and the new (1/Bx;) way. We feel that the
new way gives a more reasonable appearance.

We want to emphasize the diGerence between least-
squares averaging (where the weighting factor is the

FIG. 2. Ideogram of measurements of the A2—+EX width,
using equal weights (a) and 1/bx; weights (b). In both cases,
the vertical line indicates the position of the weighted average,
while the horizontal bar atop the line gives the error in the
average after scaling by the SCALE factor. Only those experi-
ments indicated by+error Rags were precise enough to be ac-
cepted in the calculation of the SCALE factor; the column on
the far right gives the g2 contribution of each of these experi-
ments. The less precise experiments were included in the calcula-
tion of the weighted average, but not of SCALE; they have ~ error
Rags. In (a) {equal weighting) the right-hand peak strikes the eye
as being more significant, yet the left-hand peak is closer to
the weighted average. In (b) (1/Sx; weighting) the measure-
ments are displayed more in accord with their effect on the
weighted average. We do not use 1/hxs weights for the ideogram,
as that would make the unreasonable assumption that large
systematic errors are as infrequent as large statistical Ructuations.
See text.

Our reasoning is as follows. Since we don't know which
one or more of the experiments are wrong, we assume
that all experimentalists underestimated their errors by
the same scale factor (8) . If we scale up all input errors

by this factor, p' returns to X—1, and of course the
output error scales up by the same factor.

If all the experiments have errors of about the same
size, the above (straightforward) procedure for calcu-
lating SCALE is carried out. If, however, we are to
combine experiments with widely varying errors, we
must modify the procedure slightly. This is because it is
the more precise experiments that most inQuence not
only the average value S, but also the error 8x. Now, on
the average, the low-precision experiments each con-
tribute about unity to both the numerator and the
denominator of SCALE, hence the y~ contribution of
the sensitive experiments is diluted, i.e., reduced.
Therefore, we evaluate SCALE by using owly experi-
ments for which the errors are not much greater than
those of the more precise experiments. Explicitly, to
calculate SCALE we use only the most sensitive experi-
ments, i.e., those with errors less than 50, where the
ceiling bs is (arbitrarily) chosen to be

bo ——3Ã't'bx.

Here 6x is the unscaled error of the mean of all the
experiments. Note that if each experiment had the same
error 8x;, then M would be Bx;/1Pt', so each individual
experiment would be well under the ceiling on SCALE.

This scaling approach has the property that if there
are two values with comparable errors separated by
much more than their stated errors (with or without a
number of other experiments of lower accuracy), the
error on the mean value bx is increased so that it is
approximately half the interval between the two
discrepant values.
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VVe wish to emphasize the fact that our scaling
procedures for errors in no way affect central values.
In addition, if one wishes to recover the unscaled error
bx, he need only divide the given error by the SCALE
factor for that error.

N tR„—R, (Pl, P2, Ps)1~2

r= 1 2=1 5E„ )
(9)

In addition to the 6tted values P;, the program
calculates an error matrix (8P,8P;). We tabulate the
diagonal elements 5P;=(8P,5P;)'I Lexcept that some
errors are scaled according to Eq. (8) as discussed
belowj. In the listings we give the complete error
matrix; we also calculate the 6tted value of each ratio,
for comparison with the input data, and list it below the
relevant input, along with a simple unconstrained aver-
age of the same input.

Two further comments on the example above:

(1) There was no connection between measurements
of the width and'the branching ratios. But often we
also have information on partial widths lV; as well as
total width I' (both are coded on the data"'cards as W
for width). In this case AHR must introduce I' as a
parameter into the fit, along with the relations F;= I'P';,
QI';=I'. When appropriate, we tabulate the I'; along
with the I';, and give error matrices in the listings.

(2) Note that we do rtot allow for correlations be-
tween input data. We do try to pick those ratios and
widths which are as independent and as close to the
original data as possible.

When irlepcalities are reported, on the erst iteration

4%'e can handle any R of the form

Z = Z~;P;/ZP;P;,

where a; and p; are constants, usually 1 or 0.

B. Constrained Fits

Except for trivial cases, all branching ratios and
rate measurements are analyzed by computer program
AHR. This program makes a simultaneous least-squares
fit to all the data, and outputs the partial-decay frac-
tions P;, width I', partial widths W;, and their error
matrix.

The original version of AHR was written by J. Peter
Berge. It is documented separately, and we wish here
only to give the simplest nontrivial example that
permits us to comment on the error matrix and the
scale factor.

Assume that a state has only three partial-decay
fractions, Pl, P2, and P2 (QP, =1), which have been
measured in four different ratios, E~, ~ ~, R4, where,
e.g. , Rl ——Pl/P2, R2 Pl/P2, etc——.' Further assume that
each ratio has been measured by X experiments (we
designate each experiment with a subscript x, e.g.,
Rl,).Then AHR finds the best values of Pl, P2, and P2
by minimizing p~, namely

we ignore them; we then check to see if the weighted
average of the other data violates the inequality. If an
upper limit is violated, we change the input data:
&x—+0~x. If a lower limit is violated, one cannot
always invoke such a simple prescription, and each
case must be handled individually.

In asymmetric errors, we use a continuous function of
h'(P)+ and 8(P) in the fitting. When no errors are
reported, we merely list the data for inspection.

HyPerort Decay-Parameters

The program AHR handles any type of input, n, 4, 6,
p, or y, according to the definitions of Sec. VI. If for a
particular hyperon decay there are data for more than
two of the decay parameters, they are analyzed by
using the constraint

~2+p2+ 72 —1

Iecoesisteet Corlstrai red Data

According to our simple example, which led to Kq.
(9), the double sum for x2 is summed over experiments
x=1 to E, leaving a single sum over ratios

Even before 6tting, some of the z„2 may be too large.
But if we scaled them before fitting, then the scaling
would move the central value, contrary to our policy.
So we do not scale until after the first fit; then, knowing
the fitted X„' and its expectation value (X„2) we form
SCALE factors (just as before), i.e.,

(SCALE) „2=x„/(„„)

and if any (SCALE)„ is greater than 1, all E of the
measurements of that particular ratio are equally
penalized by having their errors increased by SCALE.
Program AIR then recycles on all the data, those with
errors unchanged as well as those with errors increased.
We then get new values, bP for the errors in the partial
decay modes.

Because of the constraint (PP;=1) some SCALE
factors may still be greater than 1 even after this
second pass. If this is so, the whole procedure (i.e.,
increasing errors by the new SCALE factors and
recycling through AHR) is repeated.

At the end of AHR s Anal pass we have heo measures
of the errors for the P;. One is, of course, the bP, i.e.,
the errors in the final Qtted values P which include
the eGects of scaling the input errors. The other measure
of the errors is (P; P), i.e., the shift—in the central
values of the ith inode between the 6rst (unscaled) fit
and the final (scaled) 6t. In practice we And that on the
average these two measures of the uncertainty are about
equal. Rather than selecting just one or the other, our
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tabulated errors are given by the combination

(~P;)t.b= L6P'"+ (~'—P'') s3'"

where I'; is the fitted value of the ith partial-decaymode
before scaling, I' is its value after scaling, and 6P is
the error in I','. The SCALE factors we finally list in
such cases are de6ned by

(SCALE);= (6P;) t,.b/6P;.

However, in line with our policy of not letting SCALE
a6ect the central values, we give the values of I',
obtained from the original (unscaled) fits. /The differ-
ences between the I'; calculated with either the scaled
or the unscaled errors are, of course, always within
the tabulated errors, (6P;)„b.)

X. NOTES ON THE DATA CARD LISTINGS

A guide to the use of the data card listings can be
found in an illustrated key, immediately preceding the
listings, which follow the tables.

In the baryon listings, starting this time, we have
separated formation (i.e., s-channel) experiments from
production experiments. Our motivation is as follows:
We now know that often several baryon resonances have
the same mass and can be separated only by a partial-
wave analysis in the s channel. In this case we do not
want the production experiments to contaminate the
formation experiments. Conversely, Z (1385) and
A(1405), which lie below EX threshold, can be seen
directly in production experiments, but only via
uncertain extrapolations from the s channel. Again we
want to keep the results separate. Since the baryon
resonance parameters M and I' are not averages, but
are estimates based on the consistency of several experi-
ments of a single type, we conclude that it is best to
separate formation and production experiments.

In 1966 we removed some of the obsolete data and
references. They may be found in our earlier editions,
e.g. , Rosenfeld et al. (1965).

XI. WALLET SHEETS) DATA BOOKLETS) AND
APPOINTMENT BOOKLETS

In past editions we have included up to four wallet
sheets, printed. on thin durable "wallet proof" paper.

But we have now decided to de-emphasize them in
favor of the more popular 3 in.&5 in. data booklets.
We intend in the future to put on the sheets only the
tables of particle properties plus occasional new or
modified tables. In this edition we have included a
corrected version of the SU3 Isoscalar Table, corrected
to conform with the accepted convention for the sign
of F/D.

Data booklets, however, are so hard to make copies
of that we have decided to print the rest of the useful
tables therein as Appendix II to this review.

Extra copies are available, from CERN and LRL, of
the wallet sheets and the following pocket sized
(3 in. X5 in. ) items: the data booklet, a 1970 diary, a
mini-atlas, a plastic cover. We occasionally receive
requests for multiple copies or copies for classroom use;
we can supply the wallet sheets free, but must charge
10iz' for each of the pocket-sized items.
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J J ~ ~ ~

Notation:
~ r ~

ml mz

' I ~ +5/? 5/z 3/z ml mz Coefficients

[+2 1/2 1 3/2 + 3/2

+2 -1/2 1/5 4/5 5/2 3/2
+1 +1/Z 4/5 -1/5 +1/2 &1/2

+1 -1/2 2/5 3/5 5/2 3/21
0 +1/2 3/5 -Z/5 1/2 -1/2

0 -1/2 3/5 2/5 5/? 3/2
-1+1/2 2/5 -3/5 -3/2 -3/2

3/2 x 1/2
2

~ g y/2 4/5 1/5 5/2
2 2 1 ? +1/2 1/5 -4/5 -5/2

1+3/2 il/2 1 +1 +1 g-2 -1/?
+3/2 -1/2 1/4 3/4 2 1
+1/2 +1/2 3/4 -1/4 0 0

1+1/2 -1/2 1/Z 1/2 2 1 '

-1/2 +1/2 1/2 -1/2 -1 -1
-1/2 3/4 1/4 Z

1/2 1/4 -3/4 -2

3/2 -1/2 1

0 /5 3 2 1Y =q ——cos 8-—
Z &4H Z 21" /

[+1 +1/2 1 t 1/2 +1/2
jj -1/2 1/3 2/3
o+1/z z/3-1/3

0 -1/2
-1 +1/2

sin8 cos 8 e1 ~15 1$

3/Z 1/Z
1/z -1/2
Z/3 1/3 3/Z
1/3 -Z/3 -3/Z

I-1 -1/2 1

Z I 15, 2 zjcll
Yz =g ~ sin 8e

2x1
I+2+1 1 +? +?

+2 0 1/3 2/3
+1 +1 2/3 -1/3 +1

2 -1 1/15
1 0 8/15
0 +1 6/15

3/ "
) +3/? +1 1 +3/Z+3/Z

+3/2 0 2/5 3/5 5/2
+1/2 +1 3/5 -2/5 +1/2

+3 2 -1 1/10
3/5
/10

1
+1 +1
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1/6 -3/10 3

-1/Z 1/10 0
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-3/Z +& 1/10 -'2/5 1/2

1/Z -1
-3/Z O

/
2 1 +1/2 0
0 0 1/Z+1 3
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0 -2/5 ' 3 ? 1

-1/2 3/10, 1 -1 -1 -1
0 -1 6/15 1/2 1/10
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2 1
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~
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-1 0

-1 -1
-2 0 ZIJiJZ'Yg™-{-i) Y

J-4 Jz . .= (-&) (JZJgmZ $IJZJ$ )

CLEBSCH-GORDAN COEFFICIENTS AND SPHERICAL HARMONICS
'Note: A P is to be understood over every coefficient; e. g. , for -8/15 read -5/8/15.

1/2 x1/2 +, Yl = ~ cos 8
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{I
~ ~, IIJ'[

, Jt Ji .$"
I

'$

Name of particle as it
appears in table.

Arrow indicates this
particle omitted from
table.

g xxt1ooo) /XX MESON {1200~ JPG= -) I

RIGINALLY CALLED XX

MITTEO .FROM TASLE

jParticle code (for
internal use onlyl.

Particle name and quantum
numbers (if known).

—General comments on particle.

Quantity tabulated below.

Code for quantity tabu-
lated (M=mass, %=width,
etc. )

Symbols used ta key together
data card and related
comments.

Number of events above
background.

74 /XX(1200) MASS ( MF V)/

121+ 11 MERRILL 66 HRC 0 3 ~ 2 K-P
L 150{1192~ l (16' I LYNCH 67 HRC +- 2 ~ 7 PI-P
L LYNCH OATA HAS 0UESTIONABLE BACKGROUNO SU8TP ACT ION

1198 ~10 ~7 P IERCf 68 ASPK + 2 1 K-P
(t1208 all FF.NNER 69 HRC 0 4 2 PI+I
51210o $ 8 ~ SMI TH 69 &MS - 3 ~ 5 Pl-P

SUPERSEDES FAR{.IFR RFSULT
~ ~ ~ ~ ~ ~ ~ ~ ~

/1206 ~ 9 5 1/ AVFRAGE (ERROR INCLUOFS SCALF. FACTOR t)F 1 nl

Date this result punched7/66 and used.
/6/67/

Asterisk indicates this
result added or changed
since last edition.9/69*

+ Error (- field blank if
error symmetric).

Measured values (paren-
theses indicate value
not used in average).

50 ~

(60 ' l

74 XX(1200) HIOTH (MEV)

10 ~

OR LFSS
/PIERCE 68/ASPK + 2 ~ 1 K-P

SMI TH 69 ~MM 3 5 PI P

74 XX {1200) PART I AL DE CAY +OOE S

Abbreviated reference
for this result (see list
of references below).

10/69»
Measurement technique (see

abbreviations on next
page).

Average value (and error j
of quantity measured.

200) IN TCt 3~ I
200 l INTO K KRAR

OEC AY MA SSF.S
139+ 139+ 139
493+ 493

74 XX{1700} 8PANCHING RATIOS

Rl
Rl
Rl L
Rl L
Rl

P IT

XX{1200) INTO 3&I/TOTAL {P I I /Tt)TAL.02 TERRI LL 66 HRC 0 /3 2 K P/
( ~ 68) { o03) LYNCH 67 HRC ~+- 2 ~ 7 PI-P

LYNCH OATA HAS QUFST IONARLF. SACK GROUNO SU8TR ACT ION
4 0 ~ ~ ~ ~ ~ ~ ~

/0 ~ 675 0 ~ 012/ VALUF. FROM CONSTR AINEO ~IT

Reaction producing particIe
(here, 3.2 GeV/c K pj, or
comments.

6/67
~Charge(sj of particle de-

tected.

Value (and error) of quan-
tity measured. as deter-
mined from constrained
fit (using all measured
branching ratios for this
particle).

) INTO
~ 35
~ ~ ~

0 ~ 325

) INTO KKRAR/3P I
~ 50 ~ 03.04

F ENNF. R
SMITH

/(P2)/{P 1 l/
69 HRC 0 4 ~ 2 Pl+P
69 MMS - 3.5 PI-P

KKRAR/TOTAL (P2l/TOTAL.05 PIERCE 68 A'SPK + 2 ~ 1 K-P
~ ~ 0 ~

0 ~ 012/ VALUF. FROM CONSTRAI NEO FIT

9/68

9/69»
10/69»

R in terms of the P above
1 J

R3 FIT

~ ~ ~

0 ~ 468
/0. 480

0 ~ 043
0 ~ 026/

AVERAGE (ERRO'R INCLUOES SCALE FACTOR OF

VALUF FROM CONSTRAINED FIT

SCALE & i indicates some in-
consistency in measure-
ments (see text).

References listed by year,
then author.

Abbreviated reference form
us ed on data card s abave.

Journal, report, preprint,
etc. (see abbreviations
next page).

t
TERRI LL 66 &Rt 16 143
LYNCH 67 PR 155 610

/PI ERCE 68/PL 278 230
F FNNE R 69 NC 6 1& 372
SMI TH 69 IPRL 22 14/

»»»t»» »t»»tt»»» ttttttt»t

RE F ERENCES FO R XX {I.200)

A ~ MERR IL{
8 ~ LYNCH
N P IFRCE

/O. FENNER, B. BEANE/
Je SMI TH

/( SACLAY+CERN)
{8NL)
(LRL )

+AMF X I
{SL

ttt»»tt»t t»»ttt »»t tt»tt»t»» »»»ttttt»
*tttttt»t tt»»t'»t»t

Ins titution(s j of autho r (s)
(s e e abbreviations on next '

page).

Author(s)
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EXPLANATION OF SYMBOLS AND ABBREVIATIONS

USED ON THE DATA CARDS

Measurernenl TecIjtnque (TECH)

CC
CNTR
EMUL
HBC
HEBC
DBC
HLBC
OS PK
J|Ii.s PK
MMS
RVUE

Journals

Cloud chamber
Counters, electronics
Emuls ion s
Hydrogen bubble chambers
Helium bubble chambers
Deuterium bubble chambers
Heavy liquid bu/ble chambers
Optical spark chambers
Automatic spark chambers
Missing mass spectrometer
Review of previous

exper imental data

ADVP
ANP
ARNS
BAPS
JETP
NC
NP
PL
PPSL
PR
PRL
PRSL
RMP
ZPHY

Advances in Physics

Annals of Physics
Annual Reviews of Nuclear Science

Bulletin of the American Physical Society

English Translation of Soviet Physics JETP
Nuovo Cimento

Nuclear Physics

Physics Letters

Proceedings of the Physical Society of London

Physical Review .
Physical Review Letters
Proceedings of the Royal Society of London

Reviews of Modern Physics
Zeitschrift fur Physik

The following abbreviations refer to proceedings of Conferences.

AIX
AR GONNE
ATHENS

BALATON
BERKELEY
BNL

BOULDER
CERN
CORAL GABLES
DESY

DUBNA
KIEV
OXFORD
ROCH

SIENA

Finally,

BNL
CU
NYO
UCRL
etc.

Brookhaven National Laboratory
Columbia University, includes Nevis Reports
New York Operations Once, AEC
Lawrence Radiation Laboratory (University of California)
refer to unpublished reports of the Author's Institution.

International Conference on Elementary Particles, Aix-en-Provence, 1961
Inter'national Conference on Weak Interactions, Argonne National Laboratory, 1965
Athens Topical Conference on Recently Discovered Resonant Particles, Ohio University,
1963

Symposium on Weak Interactions, Balatonvilagos, Hungary, 1966
International Conference on High Energy Physics, 1966
International Conference on Fundamental Aspects of Weak Interactions, Brookhaven
National Laboratory, 1963

Symposium on Strong Interactions 1965
International Conference on High Energy Physics, 1958 and 1962
Conference on Syinmetry Principles at High Energy, 1964 and 1965
Internation Symposium on Electron and Photon Interactions at High Energies, Ham-
burg, 1965
International Conference on High Energy Physics, 1964
Ninth Annual International Conference on High Energy Physics, 1959
International Conference on Elementary Particles, 1965
Fifth (Sixth, Seventh) Annual Rochester Conference on High Energy Nuclear Physics
1955 (1956, 1957).Annual International Conference on High Energy Physics, Rochester,
1960.
International Conference on Nucleon Structure, 1963.

Since January f969, when we have had to abbreviate an institutional name on the data and reference
cards, we have used the following (which is the list used by the HERA group at CERN):

AACH
AERE
AMES
ANL
ANNA
AR I 2
ATKN
ATHO
BAR I
BELG
BERG
BKRK
BERL
BERN
BGNA
8 IRM
8NL
BOHR
BQNN
BRAN
BROW
BRUX
BUFF
CAEN
CALT
CARN
CASE.
CAVE
CCNY
CDEF
CEA
CERN
CHI C
COLO
COLV
CORN
DARE
DESY
DVKE
DVRH
EFIN
EPOL
ETHZ
F IRZ
FLAS
FLOR
FRAS
GENO
GEVA
GLAS
GRAZ
HAMS
HARV
HAWA
HK I D
HELS
ILL
IND
IOWA
IPN
IRAD
IRVN
ITEPJHOPJ I NR
KARL
KRAK
LANC
LKBD
LE I D
LIVP
LOI C
LOUC

AACHEH»GERMANY
HARWEI LtBERKS ~ ENGL ~
AMES ~ IOWA ~ USA
ARGONNE ~ ILL t USA
ANN ARBOR ~ MICH ~ USA
TUCSON» AR I ZtVSA
ATHENS»GREECE
ATHENS»QHIO»USA
BAR I ~ ITALY
BRUXKLLES t 8ELG I UM
BERGEN»NORWAY
BERKEI EY»CAL»USA
ZEUTHKN ~ BERLIN ~ GERM
BERN ~ SWIT2KRLAND
BOLOGNA»ITALY
blRMINGHAM ~ KNGLAND
UPTON LltNYtUSA
COPENHAGEN ~ DENMARK
BONN »GERMANY
WALTHAM»MASSeUSA
PROVIDENCE»RH ~ I ~ USA
BRVXELLKS ~ BKLGIUM
BUFFALO»NY

CAUSA

CAEN CFRANCE
PASADKNA ~ CAL ~ USA
PITTSBURGH»PA

CAUSA

CLEVELAND ~ OHIQ ~ USA
CANBRIDGE ~ ENGLAND
NKW YORK' NYtVSA
PARIS CFRANCE
CAMBRIDGE ~ MASS ~ VSA
GENEVA ~ SWIT2KRLAND
CHICAGO»ILL

CAUSA

BOULDER ~ COL ~ VSA
NEW YORK ~ NY ~ USA
ITHACA ANY»VSA
DARESBVRY ~ ENGLAND
HAMBURG»GERMANY
DURHAM»NC»USA
DURHAM»ENGLAND
CHICAGO ~ ILL »VSA
PARIS »FRANCE
ZURICH» SW I TZERLAND
FIRENZK»ITALY
TALLAHASSEE»FLA»VSA
GA INESV ILLE tFLA»USA
FRASCAT I t I TALY
GKNOVA» ITALY
GENEVA ~ SWITZERLAND
GLASGOW ~ SCQTLAND
GRAZ ~ AUSTRIA
HAMBURG' GERMANY
CAMBRIDGE' MASS CAUSA
HONOLVLV ~ HAWAII»USA
HEIDELBERG ~ GERMANY
HELSINKI ~ FINLAND
URBANA ~ ll L ~ VSA
BLOOMINGTON ~ IND ~ USA
IOWA CITY ~ IOWA ~ USA
ORSAY CFRANCE
PARIS CFRANCE
IRV INE ~ CAL »VSA
MOSCOW ~ USSR
BATIMORE ~ MD ~ USA
DVBNA ~ VSSR
KARLSkUHK ~ GKRNANY
KRAKOW ~ POLAND
LANCASTER»ENGL'AND
MOSCOW ~ VSSR
LEIDEN ~ NETHERLANDS
LIVERPOOL' ENGLAND
LONDON ~ ENGLAND
LONDON ~ ENGLAND

TKCHNISCHE UN I Vo AACHEN
ATOMIC ENKRGY RESEARCH ESTABLISHMENT
IOWA STATE UNIV'
ARGQNNE HAT ~ LAB
UNI V ~ OF MICHIGAN
VNIV»OF ARIZONA
NUCLEAR RESEARCH CENTRE DEMQKRI TOS
OHIO UNIV ~
UNIV ~ DEGLI STUDI Dl BAR I
INST ITVT INTERVNIVERSITAIRE DES SCIENCES NVCLEAIRKS
FYS I SK. INST ITVTT
VNI Vt OF CAL IFQRN I A

~FORSCHVNGSSTKI LE FVR PHYS ~ HQHKR 'ENERG IKN DER DAW
VN I Vo BERN
UNIV ~ Dl BOLOGNA
BIRMINGHAM VNIVo
8ROQKHAVKN NAT ~ LAIS'NIKLS 8QHR INSTITUTE
UN I V ~ BONN
BRA NDE I S VN I VKRS I TY
BROWN VN I V ~
UNI V ~ LIBRE DE URUXELLES
STATE UNIV' OF NEW YORK AT BUFFALO
LAB ~ DE PHYSI CORPUSCULAIRE
CALIFORNIA INST' OF TECHNOLOGY
CARNEGIE INST' OF TECHNOLOGY
CASE WKSTEkN RESERVE UNIV'
CAVENDISH LAB ~ tCAMBR IDGE UNIV ~
CITY COLI ~ OF THE CITY QF NEW YORK
COLLEGE DK FRANCE
CAMBRIDGE ELECTRON ACCELERATOR
EUROPEAN ORGANISATION FOR NUCL0 RESEARCH
VN I V ~ OF CHICAGO
UN I Vo OF COLORADO
COLUMB I A UNIV ~
CORNEL UN I V ~
DARKSBVRY NVCL» PHYS» LAB»
DEUTSCHES ELKKTRONKN~SYNCHRQTRON
DUKE VNIV ~
UN I V ~ OF DURHAM
ENR I CQ FERMI INST ~ FOR NVCL ~ STIJD IES
ECOLE PQI YTECHNIQUE
KIDGKNOSSISCHK TKCHNISCHE HQCHSCHULE
VN I V o D I FI RENZE
FLOR IDA STATE VNI V ~
VN I V ~ OF FLOR IDA
LAbORATOR I NAZIONALI DEL SINCROTRONE
VN I V ~ 01 GENQVA
VNIV ~ DE GENEVE
UN I V ~ OF GLASGOW
UN I V ~ GRAZ
VN I V ~ HAMBURG
HARVARD UNIV»
VN I V ~ OF HAWA I I
UNIV ~ HE I DELBKRG
HKL S I NG I N YL,I OP I STQ
VNI Vt OF ILL I NO IS
UN I V ~ OF I ND I ANA
UN I V ~ OF IOWA
INST' DE PHYSI NUCLEAIRE
INST ITUTK DV RADI VM
UNIV» OF CALIFORNIA
INST ~ FQR THKQR ~ AND KXPER I M ~ PHYSt
JOHNS HQPK INS UNI VERS I T Y
JOINT INST ~ FOR NUCL ~ RESEARCH
TKCHN I SCHE VN I V ~ KARLSRUHK
JAGKLLONIAN UNIV»
LANCASTER UNIV'
L'EBEDKV PHYS I CS INST ITUTK
INST@ LORENTZ
L I VERPOOI UN I Vo
IMPERIAL COLL ~ OF SCIENCE AND TECHNOLOGY
UNIV» COL L ~

LOU I
LRL
LUND
MADR
MANH
MANZ
MASS
MCG I
MCHS
MICH
MILA
MIT
MP IM
NAL
NAP I
NDAM
NEAS
NEV I
Nl JM
NOVO
NWES
NYV
OHIO
OREG
ORNL
ORSA
ORUC
OSI 0
OTTA
QXF

. PADO
PEHN
PISA
P ITT
I»PPIII

PIJRD
REHQ
RHEL
RISQ
R IVS
RQCH
RONA
RVTG
SACL
SERP
SHAM
SLAC
STAN
STEV
STLQ
STOH
STON
STRB
SVSS
SYR
TENN
TNTO
TOR I
TRST
TUFT
VCLA
UCSB
VCSC
UCSD
UMD
UTAH
V AND
WARS
WASH
W I KN
WISC
YALE

BATON ROUGE ~ LA ~ USA
BERKELEY ~ CAL ~ USA
LUND ~ SWEDEN
MADRID»SPAIN
NEW YORK»NYtUSA
MAINZ ~ GERMANY
AMHERST ~ MASS ~ USA
MONTREAL CCANADA
MANCHESTER»ENGLAND
EAST LANSING»MI»USA
MELANO» IT AI Y
CAMBRIDGE' MASS CAUSA
MUN I CH ~ GERMANY
QAK BROOKtILL

CAUSA

NAPOL I t IT ALY
NOTRE DAME ~ IND ~ USA
bOSTON ~ MASS ~ VSA
I RV INGTQN ON HUDSON
NIJMEGEN ~ NETHERLAND
NOVOS I 8 IRSK ~ USSR
EVANSTON ~ ILL ~ USA
NEW YORK»NY ~ VSA
COLUMBUS ~ QHIO ~ USA
EUGENE' ORE»VSA
OAK RiDGE ~ TENN»USA
QRSAY ~ FRAHCK
OAK RIDGE ~ TEt»N ~ USA
OSLO »NORWAY
OTTAWA»CANADA
OXFORDS ENGLAND
PADQVA CITALY
PHILADELPHIA ~ PA t USA
P I SA ~ ITALY
P I T TS BURGH ~ P A ~ U SA

PRfNNTSN»PJtuh
LAFAYETTE»IND»USA
REHQVOTH CISRAEL
CHILTQN ~ DIDCQT»bKRKS
ROSKILDE ~ DENMARK
R I VERS I DE ~ CAL ~ USA
ROCHESTER»NY»USA
RQME» ITAI Y
NKW BRUNSW I CK t N J ~ USA
SACLAY ~ GIFTS YVETTK
SERPUKHOV»USSR
SOVTHAMPTQN ~ ENGLAND
STANFORD ~ CAL ~ USA
STANFORD ~ CAL ~ USA
HOBOKENtNJ

CAUSA.

ST LOUIS»MQ

CAUSA

STOCKHOLM»SWEDEN
STONY

BROOKED

Ll»NY
STRASBOURGtFRANCK
SUSSKX ~ ENGLAHD
SYRACUSE ~ NY ~ USA
KNOXVILLE ~ TENN ~ USA V
TORONTO CCANADA V
TOR I MQ ~ ITALY U

TRIESTE�»

I TALY IJ
MEDFQRD ~ MASS ~ USA
LOS ANGELES ~ CAL ~ USA
SANTA BARBARA ICAL
SANTA CRUZ ~ CAL ~ USA
LA JQLLA ~ CAL ~ USA U
COLLEGE PARK ~ MD ~ USA U
SALT LAKE CITY ~ UTAH U
NASHVILLE»TENN

CAUSA

V
WARSAW ~ POLAND U
SEATTLE ~ WAS tVSA V
W IKN ~ AUSTRIA V
MAD ISOH ~ W I stUSA V
NEW HAVENtCONN

CAUSA

CAL I FORNI A

Y
ASTROPHYSIK

NCES

ELKRATOR

AND I .

IFRANCE&

BROOK I VSA I

LOU I Sl ANA STATE VH I V ~
LAWRENCE RAD I AT ION LAB ~ ~ VNI V ~ OF
UN I V ~ I LUND
JUNTA DE ENERG I A NUCLEAR
MANHATTAN COLL'
UNIV ~ MA INZ
UNIV ~ OF MASSACHUSETTS
MC G ILL UNIV»
UHIV ~ QF MANCHESTER
MICHIGAN STATE UNIV ~
UNI Vo Dl MILANQ
MASSACHVSETTS INST» OF TECHNOLOG
MAX PLANCK~INST ~ FUR PHYSIK UHD
NATIONAL ACCELERATOR LAB»
UN I V ~ D I NAPOL I
NOTRE OAMK UN I V ~
NORTHEASTERN UNIV'
NEVIS LABStNY

CAUSA

R ~ K ~ UNIV ~ Nl JMEGKN
INST ~ OF NVCI ~ PHYSt
NORTHWESTERN UNIV ~
NEW YORK UNIV ~
OHIO STATE UNIV ~
VN I V ~ OF OREGON
OAK RIDGE NAT ~ LAB ~
UNI V ~ DC PAR I S ~ FACULTE DES SC IE
VN I QN CARD IDI. NUCL ~ D I V I S I ON
QSLQ UNIV ~
HAT I ONAL RESEARCH COVNC IL
OXFORD UNIV»
UN I V ~ D I PADOVA
VNI V ~ QF PENNSYLVANI A
UNIV» Dl PISA
VN I V ~ OF P I TTSBURGH

PRINQfg P)NNSYLVANIA PROTON ACC

PVRDUE UN I Vo
WE I 2 MANN' I NST ~ OF SC I ENCE
RUTHERFORD HIGH ENERGY LAB» IENGL
RESEARCH ESTABLIIIHMENT R ISO
UN I Vo OF CAL IFQRNI A
UN I Vo OF ROCHESTER
UNIV» DEGLI STVDI Dl RONA
RVTGERS VNIV ~
CENTRE DtETVDES NUCLEAIRES SACLAYINST' OF HIGH ENERGY PHYSI
UNIV» OF SQUTHAMPTON
STANFORD LINEAR ACCELERATOR CENTE
STANFORD UNIV ~
STEVENS INST ~ OF TKCHNOLOGY
WASHINGTON UNIV ~
STOCKHOLMS VNI V ~
STATE VNIV0 OF NEW YORK AT STONY
CENTRE DES RECHERCHES NVCLEA IRES
SVSSEX UNIV»
SYRACUSE UNIV ~

N I V ~ OF TENNESSKK
N I V ~ OF TORONTO
N I V ~ 01 TORI NO
Nl V ~ Dl TRIESTK

TVFTS UN I V ~
VNI V» OF CAL IFQRNI A
UNIV ~ OF CALIFORNIA I USA I
UN I V ~ OF CAL IFORN I A

Nl V ~ OF CAL IFQRN I A ~ SAN DIKGO
N I V ~ OF NARYI AND
NIV ~ OF UTAH (USA)
ANDERBILT VNIV ~
NIV» 'OF WARSAW
N I V ~ OF WASH INGTON
Nl Vo WIKH
N I Vo OF WISCONSIN
ALK. UNI VERS I TY
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DATA CARO LISTINGS
STABLE PARTICLES

I.K. IMMUNE TO STRONG DECAY

Data is parentheses have sot bees included in osr averages.

CODE EVENTS ()UANTITY ERROI(+ ERROR REFERENCE YR TECN SIGN COMMENTS DATE
ABOVE PUNCHED

BACKGROUND

0 GAMMA (Or J~l)

0 GAMMA JIIASS I IN UNITS OF 1041 21 MEV)

SCHUPP
W ILK INSO
COHEN
MQE
R ICH
R ICH

61 PR 121 1
63 P% 130 852
65 RMP 37 537
65 PR 140 8 992
66 PRL 17 271
68 PRL 20 967

REFERENCES
3 ELECTRON {0e5ed= c'}

A A SCHUPPIR W PIDD. I"; CRANE {MICHIGAN)
D T MILKINSON ~ H R CRANE I MICHIGAN )
F. R COHEN J W M DUMQND lNAASC+CAt. TECH)
M K MOEIF REINES (CASE INST TFCHNOLOGY)
A RICH ~ H R CRANE ' (MICHIGAN)
A RICH (MICHIGAN)

le ~ ) OR LESS
{6~ ) OR LESS
l2e3) QR LESS

PAT EL 65
GINTSBURG err
GOLDHABER 68

SATELLITE DATA 10/691
SATEl. LI TE DATA 10/691
SATELLITE DATA 10/694

441111144 411411414 tttteteto etefetett ttttftttt tttteetfe 4tottttf
eettee efeeeteft 114411141 eeeeeeett eeetettet efftteeee teeeeetee

Ottttettf Oftttfeft tttetttte tteftt444 44ffttttf tetffftf

REFERENCES

0 GAI(MA

C MUON (106 ' J~I/2)

MUON MASS (MFV)

GINTSBUR eb SOVe ASTReAJ7 536 Me A ~ GINTSBURG
OATEL 65 PL Ier 105 V ~ Le PATEL
GOLDHABE 68 PRL 21 567 Ae GOLDHABERr Me NIETO

I ACAD SCIIUSSR)
( DUR H A"I )

(STONY BROOK )

M 105e659 0 ' 002 FEINBERG 63 ItVUE
M e o ~ ~ ~ ~ ~ ~

FIT 105o 659 0 ~ 002 VALUE FRQM CONSTRAINED FIT 6/68

444ttf 44tte4ett ott'feottt effete*et effete tee 414144144 41114ttte 41414144
te'tf te eeetteeet eetetfooe oettef tff etef et fee tteteeete ef 114eeee MUON LIFETIME I UNITS 1044-6)

LESS THAN
LESS 74AM
LESS THAN
LESS THAN

1 E NEUTRINO (Or J 1/2)

1 E-NEUTRINO MASS (KEV)

Oe25 LANGER 52 CNTR
0 ~ 15 HAMILTON 53 CNTR

0 ~ 55 +OR- 0 28 FRIEDMAN 58 CNTR
0 06 BERGKVIST 69 CNTR EL ~ STATIC ~ MAGeSP 11/691

7
7
T
T
7
T
7 AVG

2 ~ 198
2 203
2 207
2e I 'l 7
2» 198

e e e ~ o
2 ~ 1983

Qe 001
0 ~ 00rr
0 003
0 ' 002
Oo002

e \ ~

Oe0008

0 ~ 001 FARLEY
l.UNDY

0 ~ 003 ECI{HAUSE
0 ~ 002 MEYFR
Oe 002 MEYER

62 CNTR
62 CNTR CQNLEV= ~ 98
63 CNTR
63 CNT'R +
63 CNTR

11/67

7/66

0 ~ 0008 AVERAGE t ERROR INCLUDES SCALE FACTOR OF leD)

ettttt 444144444 etttofeto eteteeetf tttfotofo ottoooooo 444444441 er RATIO OF LIFETIME OF MUt TO MU

DT 1F 000 0 ' 001 NEVER 63 CNTR LIFETIME MU+/MU- 7/66

LANGER 52 PR 88 689
HAMILTON '53 &R 92 1521
FR IFDMAN 58 PR 109 22 Ib
BEPGKVIS 69 CERN 69 7 91

eteeet 411eeftef tftetteef
441411 Of fete ttf

REFERENCES

1 E-NEUTRINO (0r J~l/2}

L M LANGER ~ R J D MOFFAT I INDIANA)
0 HAMILTON ~ W P ALFORD L GROSS tPRINCETON)
LEWIS FIIIEOMAMILINCr)LN G SMITH I BNL)
KARL-ERIK BERGKVISTP (UNIV STOCKHOLM)

eeettttte 144111144 etta41441 etft41444 41tteeoo

P1
P2
P3
pro

6 MUON PARTIAL DECAY MDDES

MUON INTO E {E-NEIj) {MU-NEU)
MUON INTO E 2GAMMA
MUON INT{) 3ELECTRONS
MUON INTO E GAMMA

DECAY MASSES
5+ 0+ 0

e5+ 0+ 0
e5+ e5+ eS
o5+ 0

2 MU NEUTRI NO l 0 J I/2)

MU-NEUTRINO )IASS (MEV)

(3 ' 5)
t rre 0)
(3ee)
(3' 0)
{2' 5)
(F 1)
(1 ' 6)
(2 ' 2)
t0 46)

OR LESS
OR LESS
OR LESS
OR LESS
OR LESS
OR LESS
OR LESS

OR LESSrCLo0 90
I 0 ~ err ) l Oe bb )

BARKAS
DUD Z I AK

FE INR ERG
ALLCOCK
BARDON
SHAFE'R
I)DOTH
HYMAN

FRANK

56 EMUL
59 CNTR
63 RVUF
es RYUE
65 ASPK
65 CNTR
67 CNTR
67 H'EBC
68 CNTR

CON'F LEV ~ 68PCT
90 PER CNT C eL ~

Oe K HE
CeL ~ o0 67

REFERENCES
2 MU-NEUTRINO {Or J=l/2)

etetft ttetfftet ttfttttee teeetteet 141114eet oeteettet eftttttte fttttftf

7/66
7/66

7/6 6
3/6 8

11/67
9/6 8

4 IIUQN BRANCHING RATIOS

Rl MUON INTO E+?GAMMA ( IN UNITS OF 1041-5) (P2) /( P1)
Rl (1 6)OR LESS C ~ L ~ 90 FRANKEL1 63 OSPK

82 MUON INTO 3E (IN UNITS OF 1011-7) (P3)/t Pl)
R2 F (Se0) OR LESS C ~ L ~ ~ ~ 90 PARKER 6?. CNTR
R2 F {1~ 3)OR LESS C ~ L ~ ~ ~ 90 ALIKHANQV 62 QSPK
R2 F {1~ 5)QR LESS C ~ Le~ ~ 90 FRANKFL2 63 CNTR
R? F (1 25)QR LFss c L 90 BABAEY 63 ospK
R2 F FOUR ABQVE EXPERIMENTS EVALUATED UPPER LIMITS ASSUMING A SECOND ORDER
R2 V A NEUTRINO LOOP DIAGRAM ~ LIMITS NOT SIGINF ICANTLY CHANGED BY
R2 ASSUMING A CONSTANT MATRIX ELE&ENTe

R3 MUON INTO E+GAMMA t IN UNITS OF 1044 8) (Pb)/(PI)
A3 (rr 3)QR LESS C ~ L ~ 90 FRANKEL1 63 OSPK
R3 {2~ 2)OR LESS C ~ l e~ e90 IIAIIKER 6% OSPK

MUON ANOMALOUS IIAGNe MOMENT (1041-64E/{21MUON MASS))

SHAFER
BOOTH
HYM AN

FRANK

65 PRL 14 923
67 PL 268 39
67 PL 25 8 376
68 VIENNA ABS

BARKAS 56 PR 101 778
DUDZIAK 59 PR {lb 336-
FEINRERG 63 ARMS 13 rr31
ALLCQCK 65 PPSL 85 87S
BARDON 65 PRL lrr rr49

M H BARKASIM BIRNBAUMIF M SMITH {LRL)
W F DUDZ IAKIR SAGANE ~ J VEDDER ( LRL)
G FE INRERG ~ L M LFDERI{AN {COLUMR IA)
G R ALLCOCK (L IVER POOL )
BARDONI NORTON IPEOPLES + (COt. UM+STONY l)ROOK)

R E SHAFER, CROWEr JENKINS (LRL)
BOOTH JOHNSONIWILLIAMS ~ WQRMALD (L IVERPOOL)
+LQKENIPEWITT IMCKENZIEIKEYES+(ARG+CARN+NWU)

365 FP 4NK ~ GAr{E7I L AK IN ( SHAMoL I VP+

STANDI�)

MM

MM 8
MM 8
MM

MM

MM

MM AVG

1162' 0 Se0
I 1165~ 75) I Qe71)
I 1166~ 25 l {0 ~ 24l

ERRORS STATI STICAL»
1166e16 0 31
~ e ~ ~ ~ ~ e e ~
llbee lrr Oe31

CHARPAK 62 CNTR +
BAILEY 68 CNTR + STQR ~ RINGS
BAILE Y 68 CNTR STQR RINGS

VALUES CO!e81)lEQ TO GIVE MU+ VALUE BELOW
BAILEY 68 CNTR + STORe RINGS

AVERAGE (ERRCR INCLUDES SCALE FACTOR OF I ~ 0)

5/694
5/6 94
5/694
5/691

414414 441444444 41144414t tttttettt tete tttte 444eftfte 1111414te 11114444
44ttet effect ffe tteeeetet eteeeetft ttteteteo ottftett4 eeet ffeee

3 ELECTRON (Oe5 ~ Jol/2 )

3 ELECTRON IIIASS (MEV)

0 ' 511006 0 000002 COHF. N 65 RVUE

3 ELECTRON LIFETIME tUNITS 104121 YR)

7 OVER 2eo MOE 6'5 CNTR 6/ee

'RHO

RHQ C
RHOP 9213
RHQP
RHO C 2276
R4Q D
RHO 0
RHQ D
RHO D
RHO C 800K
RHO C 280K
RHO C 170K
RHO C
RHO C
RHO
RHQ
RHO AVG

6 MUON DECAY PARAMETERS

RHO PARAMETER IV A THEORY PREDICTS RHO~Oe75)
(0' Trr1) {0' 027) DUDZIAK 59' CNTR + 20 53 MEV E+

Oe7rr5 0 F 025 PLANO 60 HBC + WHOLE SPECTRUM
7WQ PARAMETER FIT 70 RHQ AND ETA

I Oe751) (0 ~ 03rr) BLOCK 62 HEBC - WHOLE SPECTRUM
(0~ 6%) (Qe04) BARLOW 64 CNTR — WHQLF SPECTRUM
(Oe661) {0 016) FARLQW 64 CNTR + WHOLE SPECTRUM
(0e867) (0 ' 035) pONTEcopv 64 cc

RESULTS IN DOUBT
(0' 7503) (0 0076) PEOPLES 66 ASPK + 20-53 MEV E+
t Oe760) (0 ' 009) SHERMOOD 67 ASPK + 25-53 MEV E+
(0 ' 762) {De008) FRYBERGER e8 AspK + 25-53 MEY E+

ETA CONSTRAINED ~0 ~ THESE VALUFS INCORPORATED INTO A TWO
PARAMETER FIT TO RHO ANO ETA BY DERENZQ 69

0 ' 7518 0 ' 0026 DERENZO 69 RVUF.
e o e e e ~ o
0 7517 0 0026 AVERAGE (FRROR INCLUDES SCALE FACTOR OF 1 ~ 0)

10/694
10/694

10/694
10/694
10/694
10/694
10/6 91
10/691
10/691
10/691
10/694

10/6 91

3 ELECTRON MAGNETIC MOMENT {E/2ME)

MM ( le 0011609){~ 0000024) SCHUPP 61 CNTR
R {1~ 001159t 22) o-(?7)11011-9 WI{.KINSON 63 CNTR

MM ( le001 168) t e 00001 1) RICH 66 CNT'R + POSITRON
"IM (le001159557) +-(30)41044-9 RICH 68 CNTR
MM R RICH 68 IS REEVALUATICIN OF 'WILKINSON 63

etftef ttttoo4tf tttatftte ttteteetf efettteee 114141411 4ttfteeee 4fe4ettt

8/66
8/66
6/eg

ETA
ETA P
ETA P
ETA C
ETA C
ETA C
ETA C
ETA

ETA PARAMETER
9213 t-2 0) (0 9)

TMO PARAMETER FIT TO 'RHO

800K (Oe05) lOe5)
280K (-Oe7) '{0'6)
170K {-Oe7) {0' 5)

RHQ CONSTRAINED ~0e75
63rre Del2 Oe21

(V A THEORY
PLANO

AND ETA- PLANQ
PEOPLES
SHERMOOD
FRYBERGER

DERENZQ 69 HBC + 1.6-6.8 MEV E+

PREDICTS ETA~D)
60 HBC + WHOLE SPECTRUM
60 DISCOUNTS VALVE FOR ETA
66 ASPK + 20- 53 MEV . C+
67 ASPK + 25-5.'I MEV E+
68 ASPK e 25-53 KIEV Et

10/691
10/691
10/691
10/694
10/691

10/691

Baa the illustrated kay preceding tha data card fittings.
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STABLE PARTICLES
Data in parentheses have not been included in our averages.

XSI
XSI 9K
XSI 8354
XSI A
XSI A

XSI G 66K
XSI
xSI G

XSI
XSI AVG

XSI PARAMETER (V A THEORY PREDICTS Xslel)
0 ' 97 0 ' 05 BARDCN 59 CNTR BROMCFCRM TARGET
Qe93 Cene PLANO 60 HSC + 8 ' 8 KGAUSS

(Oe903) (Oe027) ALI-ZADE 61 EMUL + 27 KGAUSS
DEPOLARIZATION SY MEDIUM NOT KNOWN SUFFIC'IENTLY WELL

(De 975) l 0 ~ 030) GVREVICH 64 EMUL 140 KGAUSS
Oe975 Oe014 GVREVICH 67 E&UL

GUREVICH 67 SUPERCEEOS GURFV ICH 64
~ ~ e e e e ~ ~ e

Oe972 Qe013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

DEL DELTA PARAMETER (V-A THEORY PREDICTS OELTAeo 75)
CEL 8354 0 F 78 0 ' 05 PLANO 60 HBC + WHCLC SPECTRUM
DEL 0 782 0 ' 031 KRUGER 61
DEL 490K Qe752 0 ' 009 fRYBFRGER 68 ASPK + 25-53 MEV Ee
OFL VCSSLER 69 HAS MEASURED THE' ASYMMETRY BELOW 10 MEV
DEL ~ ~ ~ ~ ~ ~ ~ ~ ~

DEL AVG Oe7551 OeOQ85 AVERAGE (ERROR INCLUDES SCALE FACTOR CF 1 ~ 0)

10/69t
10/69t
'10/69t
10/69t
10/69t
10/69t
10/69t

10/69t
10/69t
10/69t
11/69t

T
7

8000

T
T

T lt
T N SYS
T
T
T
T A

T A

7
AVG

8 CHAR PI LIFETIME (UNITS 10tt-9)

25, 6 0 ~ 5 0 5 CRONE 57 RVUE
25 ~ 6 0 ~ 8 QeS ANOER SON 60 CNTR
25e46 Oe32 Qe32 ASHKIN 60 CNTR +

MERRISON 62 RVUE
26e02 Oe04 fCKHAUSE 65 I:NTR +
25 F 6 0 ' 3 BARDCN 66 CNTR
25 ' 9 0 ~ 3 DUNA ITSEV 66 CNTR

t26 ~ 40) I 0 F 08) KINSE Y 66 CNTR +
TEMATIC ERRORS IN CALISR IN THIS EXP 0(SCUSSEO BY NORCBERG 67

26 ~ 67 Oe24 LOBKCWICZ 66 CNTR
(26e6) (0' 2) AYRES 67 CNTR OLOrRETRACTEO' 26 ~ 04 Oe 05 NORDBERG 67 CNTR +
(25 ' 97) (0 ' 04) AYRES 69 CNTR - NEW EXPT.

AYRES PI LIFETIME IS PRELIMINARY
~ ~ ~ ~ ~ ~ e ~ ~

26 ' 027 0 ~ 060 0 059 AVERAGE (ERROR INCLUDES SCALE FAC
(SEE IOEOGRAIII BELOW )

9/be
6/66
bib 8
6/66
8/67
9/66

11/69t
Bl67

11/69t
11/69t

TDR OF 2 ' 0)
HEL
HEL
HEL
HEL 0
HFL 0
HEL
HEL
HEL
HFL 29K
HFL
HEL A VG

GS
r.s

GA
GA

HELICITY OF DECAY ELECTRON
(V A THFORY PREDICTS HELICITYe+ 1 FOR E+ r RESPECIVELYI
WE HAVE fL IPPEC THE 5 IGN FOR E- Sn CUR PROGRAMS CAN AVERAGE

(Qe28) (0' 16) DICK 63 CNTR + ANNIHILATION
IN nouBr- PnsrranNs PnssrSLY DfaoLAallfn IH BE MODERATOR

1 ' 05 - 0 30 BUHLER 63 CNTR + ANN(HILATION
Oe94 Oe38 BLOOM 64 CNTR + BREPS TRANSMISS
1e04 Oe18 DUCLOS 64 CNTR + SHARHA SCATT
Oe89 0 ' 28 SCHWARTZ 67 i35PK MCLLER SCATT

e ~ e ~ ~ ~ ~ e
1enn 0 ~ 13 AVERAGE (ERROR INCLUDES, SCALE FACTOR CF 1 ~ 0)

SCALAR COUPL ING CONSTANT IN MUON DECAY ( IN UNITS OF GV )
(0' 33) O'R SESS OERENZO 69 RVUE

AXIALVECTOR COUPL ING CONSTANT IN MUON DECAY IIN UNITS OF GV)
0 86 0 ' 33 0 11 OERENZO 69 RVUE

10/69t
10/69t
10/69e'
10/69t
10/69t
10/69e'

10/6 9t

10/69t

(JEIGHTEO AVERAGE = 0.03B422 t, 0.0000BB
ERROR SCALED BY 2.0

FAV
FAV

GT
GT

GP
Ga

pHAsE BETwEEN YEcT0R AND AxIALvEcrcR covpL INGs ( DEGREEs)
1$0e 15' DERENZC 69 RVUE

TENSOR COUPLING CONSTANT IN MUON DECAY l IN UNITS OF GV)
(0' 28 I CR LESS DERENZC 69 ltVUE

PSEUDOSCALAR COUPL ING CONSTANT, IN MUON DECAY I IN UNITS OF GV)
(0' 33) OR LESS CEREN Zn 69 RVUE

BAROCN 59 PRL 2 56 M BARDCNr 0 SERLEYr L LEOERMAN
DUDZIAK 59 PR 114 336 W QUDZ IAKra SAGANEr J VEOOER
pLAND 60 PR 119 1400 R J pLANC
ALI-ZADE 61 JFTP 40 452 ALI-ZADE GUREVICH NIKOLSKI
KaUGER 61 UCRL-9322 I UNPUS) H KRUGER

(COLUMBIA)
(LRL I

(COLUIIBI A)
(USSR)

(LRL)

tttttt tttttttte ttttttttt ttttte tet tttttt ttt ttttttttt ttttttttt tttttttt

REFERENCES
MUON I 106 r J&l/2)

10/69t

10/69t

10/69t

67 CNTR

66 CNTR
66 CNTR

66 CNTR
6S CNTR
60 CNTR

60 CNTR
RVUE

.NQRDBERG
~ LQBKQ)JICZ

.OUNAITSE V

BARDON

ECKHAUSE
. . . .ASHKIN

ANDERSON

J i

0 ~ 036 0.03B 0.040 0.042
CHARG PI DECAY RATE (UNITS 10xx9 SEC-1)

CHISQ
0 ~ 1
7.S

0.0

7.6
(CONLEV
=0.022)

ALIKHANO
BLncK
CHARPAK
FARLEY
LUNDY
PARKER

62 CERN CONF 423
62 NC 23 1114
62 PL 1 16
62 CERN CONF 415
62 Pa. 125 1686
62 Nc 23 485

63 JETP 16 1397
63 at. 7 - 3e8
63 PL 7 150
63 Pit 132 422
63 NC 27 894.
63 PR 130 351
63 PR 132 2693

BABA EV
BUHLER
ni CK
ECKHAUS, E
FRANKEL1
FRANKEL2
MCYER

BAaLow
BLCCM
nvcLos
GUR EVICH
PCNTECQR
PARKER,

64 PPS 84 239
PL 8 87

64 PL 9 62
64 PL 11 185
64 DljBNA CONF
64 PR 1338 768

PEOPLES
GUREV ICH
SCHWART Z

5HEawnnn
BAILEY
FRYBERGE
DERENZO
VCSSLFR

PAPERS

FISHER
ASTBURY
DEVONS
LATHROP
LATHROP
REITER
TELECCI
CHARPAK
HUTCHINS
SHAP IRC
FEINSERr,
FAIRLEY

59 PRL 3 349
60 ROCH CONF 60 542
60 PRL 5 330
60 NC 17 109
60 Nc 17 114
60 PRL 5 22
60 ROCH CONF 60 713
61 PRL 6 12$
61 PRL 7 129
62 PR 125 1022
63 ARNS 13 431
66 Nc 45A 281

66 NEV'Is 147 I VNPUB)
67 IAE 1297
67 PR 162 1306
67 PR 156 1475
6$ PL 2$8 787
68 PR 166 1379
69 PR 1$1 1854
69 Nc 63A 423

A I ALIKHANOV A BABAEV + ( ITEP MOSCOW)
BLCCKrFICRINI rKIKUCHI+(DUKE SOLCGNAr PILANO)
G CHARPAK ~ F J M PARLEY ~ R L GARWIN + (CERN)
FARLEYrMASSAM ~ MULLEar? ICHICHI (CERN)
RICHARD A Lta)DY lEFINS)
5 PARKERrs PENMAN I EF INS)

BABAEV SALATS KAFTANCV LANOSBERG + ( ITEP)
+CAB IBBO ~ F IDECARO ~ MASSAMr MVLLERC (CERN)
DICK FEUVRAIS ~ SPIGHFL (CERN)

ECKHAVSEr 7 A FILIPPAS + (CARNEGIE )
5 FRAHKEL ~ W FRArt ~ J HALPFRN + (PENNA)
S FRANKELrW FRAT( ~ J HALPERN + (PFNNA )
5 L HEYER ANDERSON BLESER LEDERMANC (COLUM)

I COLUMBIA I
(KURCHATOVI

(EF145)
t EF(45)

(CERN)
tFF INS)
(EF(NS)
I C F I Ills )

PECPLES
GUREVICHrMAKARIYNArHIS'HAKCVA+
0 M srHWART?
8 A SHER'WOOD

+BART' YON SCCHMANH ~ SROWNrFARLEY&
0 FRYBERGER
5 OERF. N?.0
C VOSSLER

NOT REFERRED TO IN CATA CARDS

FISHER LEONTIC ~ LUNDBY MEUM IER ~ STROOT (CERN)
ASTSUR YrHATTERSLEY yHUSSAIN + (LIVERPOOL I
DEVCNS yG IDAL y LEOERMANr SNAP IRO t COLUMBIA)
J LATHROP ~ R A LUNDYyV L TELEGDI + tEFINS)
J LATHROPra A LUNDYrs PENMAN + (EF INS)
RE I TER ~ st CMANOWSK I ~ SUTTON + t CARNEGIE )
V L TELEGDI ~ (CERN)
CHARPAK ~ FARLEY ~ GAR'WINrMULLERrSENS + (CERN)
D P HUTCHINSCNr J NENES + (COLUMBIA)
G SHAI'IRO ~ L M LEOERMAN

(COLUMBIA�

)
GERALD fE INSERG L M LEOERMAN (CCLUMIIIA)
FAIRLEY BAILEY ~ BROWN ~ GIESCH + (CERN)

+BCOTH ~ CARRCL COURT DAY(F5 EDWARDS& (LIVP)
+DICK FFUVRA(5 ~ HENRY ~ MACQ sa IGHEl. (CERN)
+HEI4TZErnf PVJVLA ~ SCERGEL (CEitN)
GUREVICHrMAKARIYNA+ (KVRCHATOV ~ MOSCOW)
PCNTECORVor SULYAEV I MOSCOW)
5 PARKER yH L ANDERSONrC REY (EFINS I

8 MEANLIFE O(fffaENCE st+) t )/AVGEe tPERCENT)

OT N 'THIS QUANTITY IS A afASURE OF CPT IHVARIANCE IN W ~ I ~

OT
Or L
OT
or
riT
OT
DT
DT AVG

0 ' 23 0 ' 40 LCBKoilcz 66 CNra 5EE Nnrf L
ABOVE Is THE MOST CCHSERVATIVF. VALUE QUOTED BY AUTHORS

0.4 0 ' 7 SAIIDON 66 CNTlt
(0 ' 56) in' 2$) AYRE5 67 cNTR 0LD RETRACTED

0 ~ 14 Oe29 PETRUKHIH 68 CNTR
0 ' 055 0 ' 071 AYRES e9 CNra NEW EXPT

~ e e ~ ~ ~ ~

0 ~ 053 0 ~ 068 AVERA(iE (ERRCR INCLUDIES SCALE FACTOR OF 1 0)

P1
P2
03
P4
P'5

8 CHARGED PION PARTIAL DECAY MODES

CHAReP ION INTO MU I MU NEU I
CHAR PION INTO E (E-NEU)
CHAR eP ICN INTO MU t MV-NEV ) Gb HHA

CHAR ~ PiON INTO PIO E (E-NEU)
CHAR PION INTO E, NEU GA'(MA

DECAY MASSES
105e 0

~ 5+ 0
105+ 0+ 0
134+ e5+ 0

~ 5+ 0+ 0

R2 CHAReP ION INTO F. NEU
R2 F 21 0 F 07
R2 1 247 0 ' 028
R2 e ~ e e ~ e e ~ e
R2 AVG 1 ~ 742 0 ' 026

(UNITS lntt-4) (P2)/(P1)
ANOER SON 60 CNTR
Dl CAPUA 6C CHTR

AVERAGF. (ERROR INCLUDES SCALE FACTOR OF 1 0)

(UNITS lntt-8) (PC)/I Pl )
BARTLETT 6C DSPK
SAC'ASTOW 65 OSPK +
BERTR AM 65 OSoK
OVNAITSEV 65 CHTR

0 ~ 10 OEPCMMIER 68 CHTR

R3 CHAR ~ PION INTO PIO E NEU
R3 36 Oe97 Oe20
R3 3$1~ 07 0 ~ 21
R3 leln 0 ' 26
R3 43 le1 Oe2
R3 332 F 00 0 F 08
R3 e ~ e ~ e ~ ~ ~ ~
R3 AVG 1 ~ 023 0 ' C69 AVERAGE (ERROR INCLUDES SCALE FACTOR CF 1en)

8 CHARGED PION BRANCHING PATIOS

Rl CHAReP ION INTO MU NEU GAM'IA (UNITS lott-4) (P3)/(Pl )
Itl 26 I e24 0 ~ 25 CASTAGHCL 58 EMVL E(MU) ~ Lre3 ~ 3$ MV

9/66
9/66
7/6 6

10/6 6
8/68

10/69t

6/66
7/66
3/6$

t ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttttttttt ttttttttt ttttttttt ttttttttt tttt'ttttt ttttttttt ttttttttt tttttttt R4
R4

CHAR ~ PION INTO E NEU GAMMA tUN(TS 10tt 8) la5)/(Pl)
143 3 ~ 0 Oe5 DEPOMMIER 63 CNTR GAM KE 50-90 MEV 6/66

8 CHARGED PION l140 ~ JPG~O~~) I&l

8 CHARGED P I MASS (MEV)

tttttt ttttttttt ttttttttt ttttltttt ttttttttt ttttttttt tttttt'ttt t'ttttttt

REFERENCES
S CHARGED PION (140rJPG 0 ) I 1

M

M

AVG
H fiT

139e37 .-
139e68
139e577

~ ~ e ~ e ~
139 577
139e578

0 ~ 20
0 15
Oe013
e e ~

Oe0 13
Ce013

CRCWE 54 CNTR
BAR KA 5 56 EtUL +
SHAFER 67 CNTR MESOHIC ATOMS 6/68

AVERAGE (ERROR INCLUDES SCA(.E FACTOR OF I 0)
VALUE FROM CONSTRAINED FIT elti 8

CROWE 54 PR' 96 470
BARKAS 56 PR 101 77$
CRDWE 57 NC 5 SC1
CASTAGNO 58 PIt 112 1779

K M CROWEra H PHILLIPS (LRL)
'W H SARKASyW BIRNSAUM ~ F M SMITH (LRL)
K M Can'WE (STANFORC HEPL)
C CASTAGNOLIr M MUCHNIK t ROME I F)

D

O

0 AVG
0 F IT

ANDERSON
ASHK IN
HERR I SON
DEPCMMI E
BAR TL ETT
DI CAPVA

60 PR 119 2050
60 NC 16 C90
62 ADVP 11 1
63 PL 7 285
64 PR 1368 1452
64 PR 1338 1333

8 Pl+ &Ue MASS DIFFERENCE (MFV)

BARKAS 56 EMUL
BARKAS 56 ENIUL

34 ~ 00 0 076
33 89 Oe076

~ ~ ~ ~ ~ e ~ ~ ~
33e945 Oe055
33' 920 Qe013

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0) SACAsroW 65 PR 139 8407
VALUE FROM CONSTRAINED FIT 6/68 BERTRAM 65 PR 139 8 617

DUHAITSE 65 JETP 20 58
eaNOAA I ~eW&WW&W~ W A\&'%& ECKHAUSE 65 PL 19 34$

See the illustrated key preceding the data card listings.

H L ANOERSONr T FUJI(rR H MlLLER e lEFIHS)
ASHKINrFAZZINI ~ FIDECAanrLIPHAN + (CERN)
A W HER R I SON (LIVERPOOL)
P OEPCMMIER HEIHTZErRVBSIA SOERGEL (CERN)
BARTLETT DEVCHS MEYER ~ RnsfN (COLUMBIA)
Di CAPUA ~ GARLAND PCHDROM ~ STRELZOFF (COLUM)

+GHFSQUIERE WIEGAND LARSEN (LaL+SLAC)
BFRTRAF ~ NEVER ~ CAPRIGANC (MICH+CARNEGIE)
DUNAITSEV PETRUKHINyPROKOSHK(N + lDUSNA)
ECKHAUSErHARR IS~ SHULER+ (WILLIAM AND MARY)



PwRT~clz DATa GROUP Ream of I'article I'roPe. ties 109

STABLE PARTICLES
Data in parentheses have not been included in ogr averages.

BARDON 66 PRL 16 775
rMINA ITSE 66 PL 23 283
KINSEY 66 PR 144 1132
LOBKOWIC 66 'PRL 17 548

AYRE S 67
AL Sn 67

NORnRERG t 7
SHAFER 67

SEF. ALSL

PL 748 483
PR 157 1288
PL 248 594
PR 163 1451
PRL 14 9Z3

DEPOMl IE 68 hluC PHYS 84 )89
oETRUKHI 68 JINR P1 3862
AYRES 69 UCRL-18369

ALSO 68 PRL 21 261

BARDONrDORE sDORFANsKR IEGER «(COLUMBIA)
+KUTY IN PRr! KOSHK IN P ASUVAEV 5 I &ONOV (nUBNA )
K INSEY e LnRKCW IC I e NORD5E RG ( ROCHESTER UNIV)
I.OBKOWIC 2 4!EL ISSINOS ~ NA(:ASH( MA+ t ROCH«BNL )

D 5 AYRES CALDWELL, GREENBERG KURZ+ {LRL)
AYRES f ALOWELL GREENRERG ~ KERNEY, KURZ+ (LRL)
NORDBERG LORKOWIC& ~ 8&JRMAN (RnCHESTER UNIV)
ROAERT E SHAFER (LRL )
SHAFER ~ CROWFs JENKINS tLRL)

DE PO&HI EA DUCLOS, HF INT ZE KLE INKNECHT+(CERN)
PETRUKHIN RYKALIN KHAZINS CI 5 K {DUBNA)
DAVID 5 AYRES (THES I 5 ) (LRL)
AYRESsCORMACKrGREENRERGsKENNEY+ (LRL ~ UCSB)

PANOFSKY 51
CHINOWSK 54
KRCLL 55
CASSELS 59
HADDOCK 59
HILLMAN 59

BUOAGOV 60
JOSEPH 60
CLASSEA. 61
5 AM I OS 61
SAMI DS 6?
TIETGF 62

PR 81 565
PR 93 586
PR 98 1355
PP5 74 92
PAL 3 478
NC 14 887

JETP 11 755
NC 16 997
PR ). 2 3 1014
PR 121 275
PR I?6 1844
&R 127 1324

REFERENCES
9 NEUTRAL PION (135 JPG=O--) 1=1

W K H PANOFSKYrR L AAMOOTr J HAOLEY (LRL)
W CHINOWSKY ~ J STEINRER('ER {COLUMBIA)
N KROLL rW WADA (COLUMBIA+NALW)
CASSELS JONES MURPHY 0 ~ NE ILL (LIVERPOOL )
HAD()OCK r A BASH I AN ~ CRDWE C I I RR {LRL)
Hl L L MAN ~ M I ODE LKOOP ~ Y AMAGAT A ~ ZA V A TT IN I ( CERN )

BUOAGOV V!KTOR DZHELEPOV ERMOLOV + t J(NR)
D W JOSEPH (EFf)
R. G GLASSER ~ N SEEMANrA STILLER {NRL)
N P 5AM fO5 (COLUMBIA«BNL)
SAMIDS ~ PLANC ~ PRODELL + (COLVMBIA+BNL)
J TIETGE, W PUESCHEL (MAX PLANCK INST)

SHA P I RO 62 PR 125 1022
CZ IRR 63 PR 130 341

PAPERS NCT REFERRED TO IN DATA CARDS

G SHAP IRO ~ L M LEDERMAN
JOHN 8 C ?. IRR

(COLUMBIA)
(LRL)

9 NEUTRAL PI Ohl (135 r J PG=O -) 1 =1

9 PI MASS DIFFERENCE {Pl«")-(PIO){MEV)

t««t«t t*ttttttt «tt«ttttt ttttttttt st«««««st ttttttttt ttttttttt tttttttt
«*«tttt«« ttt«ttt«t ttt««ttt« ttt«ttttt «tt«tt«tt ttttttttt tttttt«t

CZ I RR 63
KOLLER 63
KCLLEP 63
PETRUKHI 63
VON DARD 63

(LAL )
{STEVENS)

SHWE 64 PR 1368 1839
BELLETTI 65 NC 40 A t139
DUCLOS 65 PL 19 253
EVANS 65 PR 139 8 982
KUTIN 65 JETP LETT 2 243

H SHWE ~ F M SMITHyW H BARKAS (LRL )
BE'LLETTINI BEMPORAD BRACCINI+(PISA+F IRFN?E)
DUCLOS, FREYTAG HEINTZE + (CERN+HEIDELBERG)
D A EVANS {OXFORD)
KUT IN ~ PETRUKHIN ~ PROKOSHKIN l

JINA�)PR 130 341 JOHN 8 CZIRR
NC 27 1405 E L KOLLEA ~ 5 TAYLOR AT HUETTER

SEE ALSO STAMER 66
SIENA CONF 208 V I PETRUKHINrYU 0 PROKCSHKIN (JINA)
PL 4 5 I VON DAP DELrDEKKERS ~ MERMOD ~ VAN PUTTEN+(CERN)

0
0
n
0

D ~

4)
S)

8 AVG

(5 ' 37)
4e50
4+&2
4 AD &0

4 ' 55
4 ' 6056
4 ' 59

6034

0)
0 ' 31
0 ~ 05
0~ 04
0 ~ 07
0 ' 0055
0.03
0 0057

PANOF SK Y
CHINOWSKY
HADDOCK
HIL L& AN

CA 5 SF.LS
CZIRR
PETRUKHIN
VASILEVSK

51 CNTR
54 CNTR
59 CNTR
59 CNTR
59 CNTR
63 CNTR
63 CNTR
66 CNTR

~ ~ ~ ~ I ~ 0 ~ 4
4 ~ 6041 0 ~ 0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I 0)

9/66

STAMER 66 PR 151 1108
VA5 I LE VS 66 PL 23 281

STAMER ~ TAYLOR KOLLER, HVETTER+ (STEVENS)
VAS ILEVS'KY ~ VISHNYAKOV ~ OUNAITSEV t (DUBNA)

BRAUNSCH 68 VIENNA ABS ~ 297 BRAUNSCH'WEIG ~ HUSMANN ~ LUBELSMEYER+ (BONN)

ttttttttt ttttttttt ttttt«ttt ttttttttt tttt«tttt tttttttt
t««tt« ttttt«tt« «ttttt«tt tttttt««t ttttttttt t«t«ttt«t ttt«t«ttt tttt««««

9 P I 0 LIFETIME tUNITS 10«t-16)
K 10 CHARGED K (494 JP 0 ) 1*1/2

10 CHARGED K MASS tMEV)

M

M

M

M

M AVG

6/66

SEE STAMER 66

WEIGHTED AVERAGE = 1.12 + 0 ~ 20
ERROR SCALED BY 1.6

N 76 ('1 9) (0 ~ 51 t 0 ~ 5) GLASSER 61 EMUL
7 N 45 (2 3) ( I I) ( I ~ 0) TIE TGE 62 EMUL
T N 88 {2~ 8) (0~ 9) (Oeg) KOLLER 63 EMUL
T 1 ~ 05 0 ~ 18 0 ~ IB VON OAROE 63 CNTR
T N 75 (I ~ 7) (0 5) SHWE 64 FMUL
T 0 ' 730 0 ' 105 BELLETTIN 65 CNTA
7 N 67 (1 ~ 6) (0 ~ 6) t0 ~ 5) EVANS 65 EMUL
T N OLD EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSI BLE SYSTEMATIC
T N SHIFT TO LARGFR LIFETIME VALUES
T K 232 laO 0 ' 5 STAMER 66 EMUL 8/6 7
7 K lhlCLVOES EVENTS OF KOLLER 63 8/6 7
7 (0 6) t 0~2) {0 08) BRA(S!(SCHW &8 CNTA PRIMAKOFF EFF ~ 9/&8

AVG 0 89 0 18 0 14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I &)
tSEE IDEOGRAM BELOW )

493 ' 9
493~7
493 ~ 78

~ ~ 0 ~

493 F 81
493 ' 82

0 ' 2
0 ~ 3
0 17

0 12
0+ 11

COHFN 57 RVVE +
BARKAS 63 EMUL
GRE INER 65 EMUL + VIA TAU DECAY 7/66

AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.0)
VALUE FROM CONSTRAINED FIT 6/6 8

10 C) AA K LIFETIME lUNITS 10««-8)

CHARGED K COhlSTRAINEO F IT
OVERALL FIT OF LIFETIME r WIDTHS AND BRANCHING
RATIOS USFS 48 DATA POINTS TO DETERMINE SEVEN
QUANTITIES ~ OVFRALL ~IT HAS CHISQ~74a &AIN
CONTRIBUTION (12~ 7) COMES FROM R19 OF EICHTEN
&8 (wE SEE NO REASON TO REJECT THIS EXPERIMENT
AT THIS T I ME )

CHISQ
R 66 EMUL

TTIN 6S CNTR

ARDE 63 CNTR

1.S
1.0
2.S

(CONLEV
=0.111}

Pl
P2
P3
P4

9 NEUTRAL PION PARTIAL DECAY MODES

PIG INTO ZGAMMA

P I 0 INTO E+ E- GAMMA

PID INTO 4ELECTRONS
PIO INTO 3 GAMMA

DECAY MASSES
0+ 0

~ 5+ ~ 5+ 0.5« ~ 5+ 5+ 5
0+ 0+ 0

9 NEUTRAL PION BRANCHING RATIOS

Rl PI 0 INTO (GAMMA E+ E-)/(2GAMMA)
Rl . {0~ 01196)THEORETICAL CALC ~ JOSEPH
R I 27 0 ~ 0117 0 ~ 0015 ' BVOAGCV
Rl $071 0 01166 0 00047 SAM I OS
Al 5 SAMIOS VALUE USES PANOFSKY RATIO «
si ~ ~ 0 ~ ~ 4 ~ 4
R 1 AVG 0 ~ 0117 0 0004 AVERAGE (ERROR

{P2)/(Pl)
60 QUANTUM ELECT+
60 HBC
61 HBC PI P TO PIO N

1~ 62

INCLUDES SCALE FACTOR CF 1 0)

0 1 2 3
NE{JTRAL PI DECAY RATE(UNITS 10MM16SEC-1, )

9/bb

T C
T

52
T
7 33
T ~

7 51
T 293
T
T
T
T
T
7 G
T G
T
7 AVG

T FIT

WEIGHTED AVERAGE = D.B102 s 0.0034
ERROR SCALED BY 2.1

Values above of weighted aver-
age, scaIe, etc. for readers
convenience. The data were
actually processed by program
AHR, which calculates its own
values of SCALE x and 6(x}
(whtch are dsfferent from the
values shown here}.

. -FORD 67 CNTR

LOBKOWICZ 66 CNTR
FITCH 6S CNTR

BOYARSKI 62 CNTR
-NORDIN 61 HBC
-BHOWMIK 61 EflUL
.8ARKAS 61 EMUL

-FREOEN 60 EMUL

BURROWES SB CNTR
EISENBERG SB Ef(UL

~ ILOFF ~ S6 EMUL

CHISQ
1.4
4.7
7.0
Oi1

HAR ~ K L IFET I ME

0 ~ 95 Oa36 0 ~ 25 ILOFF 56 EMUL
le&0 0 3 0 ~ 3 F ISFNBERG 58 EMUL
1 21 0 06 0 06 BURAOWES 59 CNTA
I ~ 38 0 ~ 24 0 ~ 24 FRFr)EN 60 EMUL
i+25 0~22 0 ~ (7 BARKAS 61 EMUL
1 27 0 36 0 23 BHOWMIK 61 E&VL
1+31 0 ~ 08 0 ~ 08 NORDIN 61 HFC

(1 24) (0 07) NORD(M 61 RVVE
I~ 231 0 ~ Oll 0 ~ 011 BOYAR SKI 6?. CNTA +
I~ 2443 0 ~ 0038 F ITCH 65 CNTR + & /66
1~2265 0 ' 0036 LOBKOWICZ 66 CNTR + 9/66
I ~ 221 0 ~ 011 FORD 67 ChlTR +- 8/67

(1~244) (0 ' 005) 0IACD "ELL 67 ChlTR + 8/&7
Gf ACOMELLI 67 VALUE JUST A CHECK Ohl APPARATUS
~ ~ ~ ~ 0 ~ 0 0 ~

I 2343 0 005Z 0 ~ 0052 AVERAGE (ERROR INCLUDES, SCALE FACTOR OF 2 ~ 1)
I ~ 2349 0 ~ 0043 VALUE FROM CONSTRAINED F IT

t SEE IDEOGRAM BFLnW )

RZ
RZ
PZ

R3
P.3
R3
R3 N

PfO INTO (3 GAMMA)/{Z GAMMA) (UNITS 10«t-6) (P4)/(Pl)
0 t5.0)OR LESS DUCLOS 65 CNTR CL=90 PERCENT 6/66

(5 0) OR LESS KVTIN 65 CNTR 90 PERCNT COL 3/68

P IO INTO (F+E+E-E )/(2 GAMMA) (UNI 75 10«t-5) (P3) /(P1)
(3 ~ 47) THEORETICAL CAL ~ KROLL 55 QUANTUM ELECT. 9/&e

146 F 18 0+30 SAvlOS 6Z HBC SEE NOTE N BELD'W 6/66
ABOVE VALVE USES PANOFSKY RATIO«1~62

0.4 O. B F 2 1 ~ 6
CHARGED K DECAY RATE (UNITS 10MMB SEC"1)

13.2
I CONLEV
n0. 004)

sttttt test«tete «tttttttt ttttttttt tttttttse ttttttttt ttttttt«t tt't«tttt
gee the i&rostra(ed key precedintf the (fats card ((stin()s.
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STABI E PARTICLES
Data in parentheses haTJc stot been included iss our aTJer ages.

e e» ee wow e&t

DT

DT
0&
DT
DT
OT

Dl.
nl

10 L fFETIME DIFFERENCE, (t)-(-)/AVGE (PERCENT)

N THIS QUANTITY IS A MEASiJRE OF CPT INVARIANCE IN WeIe

L

AVG

DIFFERENCE IN
-0 54

10 DECifY RATES DIFF ~ r I+) ( )/AVe (PERCENT)

K MUZ RATES ((WI+)-( Wl-) )/Kl
0 ' 41 FrlRD 67 CNTR

0 ' 049 Oe097 LOBKOWICZ 66 CNTR SEE NOTE L
ABOVE IS THE MOST CONSERVATIVE VALUE QUOTEO BY AUTHORS

0 ' 47 0 ~ 30 FORD 67 CNTR

0 ~ 09 0 ~ 12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF le3)

9/66
9/66
8/67

8/67

WEIGHTED AVERAGE = S.55 + 0.11
ERROR SCALED BY 1 4

Values above of weighted
average, scale, etc. for
readers convenience. The
data were actually proc-
essed by program AHR,
which calculates its own
values of SCALE, x, anrl
5{x) {which are different
from the values shown here).

02
02
DZ
07
02

D3
03

Pl
PZ
P3
P4
P'5

P6
P7
&8
P9
&10
Pff
P12
P13
P14
P15
Plb
P17
PIA

&ZO

DIFFERENCE IN TAU RATES
-0 ' 04 0 21
-oe50 0 90

( ( W 2+ )-(W2-) ) /W2
FORD 67 CNTR
FLETCHER 62 OSPK

8/67
8/67

AVG 0 F 06 0 ' 20 AVERAGE (FRR OR INCLUDES SCALE FACTOR OF 1 0)

10 CHARGFO K PARTIAL DECAY MODES

CHAR ~ K INTO MU (NEU)
CHAR K INTO PI P I 0
CHAR ~ K I NTO PI P I+ Pf-
CHAR K INTO PI 2P IO
CHAR ~ K INTO MU PIO NEU
CHAR K INTO F. P I 0 NEU
PQSI T ~ K INTO & I+ P I- E+NEU
PQSI I ~ K INTO PI+ P I+ E-NEiJ

POS [ T ~ K INTO P I+ P I- MU+ NEU
POSIT ~ K I NTQ &I+ & I+ &V NEU
CHAR ~ K INTO E NEU
CHAR ~ K INTO MU NEU GAMMA

CHAR K INTO PI P IO GAMMA

CHARe K INTO Pf Pf+ PI- GAMMA

CHAP. ~ K INTO PI Es E-
CHAR K INTO PI PU+ MU

CHAP. K INTO Pf GA4MA GAM4A

CHAR ~ K INTO PI E NEUTRINO GAMMA

NEG» K INTO PI+ E- E-
CHAR K INTO PI NCV NEU

K MUZ
K P 12
TAU
TAU PRIME
K MU3
K E3
KE+4
K E-4
K+ MU+
K+MU- 4
K E 2
K MU RAO
K PI RAD
TAU RAO
PIF. E
Pf MU MU

PI GAM GAM

Pf E NEU GAM
PI+E E-
PI NFU NEU

ASSESDECAY ){
105+ 0
139+ 134
139+ 139+
139+ 134+
l05+ 134+

~ 5+ 134+
139+ 1 39s
139+ 139+
139+ 139+
139+ 139t.5+ 0
105+ 0+
139+ 134+
139+ 139+
139+ .5+
159+ 105+
139+ 0+
139+ ~ 5+
139+ ~ 5+
139+ 0+

139
134

0
0

~ 5+
e5+

105+
105+

0
0

139+
~ 5

105
0
0+

~ 5
0

DIFFERENCE IN TAU PRIME PATES ( (W4+)-(W4-) )/AVERAGE
1802 -0 0055 0 0090 HERZO 69 OSPK 11/69e

R6
R6
Rb
R6
eb
Rb
Rb
R6

R7

RB
RA
RB

65 El1UL
RCO 65 HBC
EE 64 HLBC
HAN 64 HLBC

61 HLBC

4 ~ S S.O 5 ~ 5 6e0 6 ~ 5 ?.0
CHARGED K TAU B.F. PI+PI-PIO (UN 10arM-2)

CHISQ
1 ~ 3
1 ~ 2
S.O

0.0
0.3
? ~ ?

{CONLEIJ
=0.102)

CHAR ~

0
0

429
e

AVG
FIT

K INTO E PIO NEU
t3e2) ( I ~ 3)
(5~ I] t I ~ 3)
5 ~ 0 0 ~ 5
4e7 0 ' 3

~ e ~ ~ e ~ e e
4e78 0 ' 26
4 847 0 ~ 072

(E3) (UNITS 10ee 2) tP6)/TOTAL
BIRGF 56 EMVL +
ALEXANDER 57 EMUL +
ROE 61 HLBC +
SHAKLEE 64 Hl BC +

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
VALUE FROM CONSTRAINED F f T

11/67
11/67

POSIT K INTO PI+ Pl+ E- NEU
(20e) OR LFSS

0 (6 ' 9) OR LESS

(UNITS loss-7) {PB) /TOTAL
BIRGE 65 FBC + 95 PER CT CONF
ELY 69 HLBC + 95 PER CT CONF

8/66
10/69»

POSIT ~ K INTO PI+ PI- E+ NEU (UNITS 10ee-5) (PT)/TOTAL

Wl
Wl
Wl
Wl

WZ

W2
WZ

W2

10 CHARGE L' K DECAY RATES

CHAR ~ K INTO MU NEU {K MU) {UNe loeeb SEC-1) (Pl)
51 ~ 2 . 0 ~ 8 FORD 67 CNTR +-

e ~ e ~ ~ ~ ~ ~ e
F IT 51 64 0 ~ 30 VALUE FROM CONSTRAINED FIT

CHARG K INTO PI PI+ PI- (TALI) (VN 10seb SEC-1) (P3)
4 ' 496 0 ' 030 FORD 67 CNTR +-

e e ~ e ~ e e ~ e
F IT 4 ~ 513 0 029 VALUE FROM CONSTRAINED FIT

8/67

8/67

R9
R9

R 10
R10

8 ll
e 11
R 11.
R 11
R11

POSIT K INTO PI+ Pf- MU+ NEU {UNITS IOee-5) (P9)/TQTAL
1 0 ' 77 0 ' 54 0 ' 50 CLINE 65 FBC +

POSIT. K INTO PI+ PI+ MU- NEU (UNITS IO&s-6) (PIO)/TOTAL
0 {3eO)QR LFSS BIRGE 65 FBC + 95 PER CT CONF

CHARe K INTO E NEl) ( UN I TS 10ss-5) ( P 111 /TOTAL
(160~ 0) OR LESS BQRREANI 64 HBC + CONLEV=O ~ 95

2 ~ 1 leg I ~ 3 RtlKEN 67 OSPK +
BOWEN RESULT SHOULD AE CORRECTED TQ I 9(+I 7 -1~ 21 rtEC AUSE OF
K+ TQ E+ NEU GAMMA DECAYS AFFORE COMPARING WITH BOTTERILL 67 R28

8/66

8/66

11/6 7
8/6 7

W3
W3
W3
W3

CHAR ~ K INTO (TAU) - (TAU PRIME) (UNITS 10eeb SEC-1) (P3-P4)
USED FOR DELTA I=l/2 TFST

F IT 3 ~ 135 0 044 VALUF. FROM CONSTRAINED FlT

CHAR K INTO {MU PIO NEU) + (E PIO NEU) (UNITS IDe&6 SEC I) (P5apb)
USED FOR DELTA I=1/2 TEST

e e ~ e e ~ e ~ ~
F IT 6 ~ 50 0 ~ 12 VALUE FROM CONSTRAINED FIT

R12

R13
R13
R13
RI3

R14
R14

CHAR ~ K INTO PI PIO GAMMA

18 {2' 2) (0 ' 7)
E 0 (I 9& OR LESS
E 90 PER CENT CONFIDENCE

(UNf TS IOes-4) (P131/TOTAL
CL INE 64 FBC + PI+ KE 55-80 MEV 8/66
EMMERSON 69 QSPK PI+ 55-80 MEV 10/69e

10/69e

CHAR ~ K INTO PI Pf+ PI GAMMA(UNITS IOes-4) {P14)/TOTAL
I ~ 0 0 ~ 4 STAMER 65 EMUL + 8/6 6

CHAR ~ K INTO MU NEU GAMMA (UNITS 10se 5) (P121/TOTAL

10 CHARGED K BRANCHING RATIOS

R Q OLD DATA EXCLUDED

R15
R15
R15
815

CHAR ~ K INTO PI E+ E (UNITS 10ee 61 (P15)/TOTAL
1 ( I 1) OR LESS CAMER INI 64 FBC +

(F 4) OR L'ESS CLINE 67 &BC +
(4e4) OR LESS BISI 67 DBC + 90 PER CT CONF

8/66
11/67
11/67

Rl
Rl
ir I
R f.
Rl

RZ
R7
R2
RZ
RZ
e2
R 7.

R3
R3
R3
R3
R3
R3
R3
R3
R3
Rl
R3
R3

R4
R4
R4
R4
R4
R4
R4
R4
Re

R5
R5
R'5

R5
R5
R5

R16
R16
R16

8/66
11/6 7

(UNITS 10ee 2) (Pl) ITOTAI
BIRGE 56 EMUL a
ALE XA KDE R 5 7 EMU{. +

CHAR ~ K INTO MU NEU (MUZ)
Q (58 ~ 5) (3 01
Q (56.9) (2 6)'

~ e e ~ ~ ~ e ~ e
FIT 63e77 0 29

R17 CHAR ~ K INTO
134 3~ 24

1045 3e96
e ~ e e ~

3 ' 84
3 ~ 755

(P2 ) I (P 31
YOUNG 65 EMUL +
CALLAHAN 66 FBC +

(PI PIO)/TAU
0 ' 34
0 ' 15

~ ~ ~ ~

0 ~ 27 AVERAGE (ERROR INCLUDES SCALE FACTOR
0 ~ 061 VALUE FROM CONSTRAINED FIT

VALUE FROM CONSTRAINED FIT R17
R17
R17
R17
R17

8/66
9/66

( UN I TS 10ss-21 t P21/TOTAL
BIRGE 56 EMUL
ALEXA NDER 57 EMUL +
CALLA HAN 6'5 HLBC SEC P.I7
TRILL ING 65 RVUE

CHAR~ K INTO PI PIO (PI2)
0 (27 ' 7) {2' 7)
n (23 ' 21 (2 ' 2)

{ZI.O) to.b)
(21 F 6) {0' 6)

e ~ e ~ ~ e ~ e
FIT 20 93 0 ~ 29

AVG
FIT

OF 1~ 9)

RIB
R18
R18
R18
RIB
R18

6/66 CHAR ~ K INTO
2027 0~ 303

17 0 393
~ ~ ~ ~ ~

AVG Oe 303 7
F IT Oe3054

(P41/(P3)
65 H+HL +
65 EMVL +

tPI 2PIO)/TAU
0 ~ 009 BIS I
0 ~ 099 YOiJNG

e ~ ~ e
0 ~ 0090 AVERAGE (ERROR INCLUDES SCALE FACTOR
0, 0085 VALUE FRr)M CONSTRAINED &IT

8/66
8/66VALIIE FROM CONSTRAINED FIT

(UNI TS IOss-2)
8 IRGE 56
ALEXAhDER 57
TAYLOR 59
ROE 61
CALLAHAK 64
SHAKLEE 64
DE MARCO 65
YOUNG 65

K INTO PI PI+ PI-I TAU)
(5.6) t 0.4)
(6 ' 8) (Oe4)
(5 ' 2) to ~ 3)
5 ' 7 0 ~ 3
5e54 Oe12
5 ~ 1 Oe2
5 ' 71 0 ' 15
6 0 Oe4

~ e e ~ e e e
5 ' 55 0 ~ 11 AVERAGE (ERROR INCLUDES SCALE FACTOR OF le4)
5 574 0 039 VALVE FROM CONSTRAINED FIT

(SEE IDEOGRAM BELOW )

OF leo)(P3)/TOTAL
EMUL +
EMUL +
E&UL +
HLBC e
HLBC +
HLBC +
HBC
EMUL +

CHAR ~
0
Q

0

2332
540

44'

AVG
F IT

(P5)/(P31
65 H+HL +
65 EMUL +
68 HLBC

(MU PIO NEU)/TAV
0.035 BISI
F 16 YCUNG
0 F 017 F. ICHTEN

~ ~ ~ e
0 048 AVERAGE (ERRCR INCLUDES SCALE FACTOR0.021 VALUE FROM CONSTRAINED FIT
(SEE IDEOGRAM BELOW 1

R19
R19
R19
R19
R19
R19
e19

CHAR ~ K INTO
2175 0 ' 632

38 0~ 90
1505 0 510

e e ~ ~ ~
0 ~ 537
0 571

9/6 6 8/66
8/6 6

11/689/66
6/66
6/66 AVG

FIT
OF 3~ 1)

(E PIO NEU)/TAU
0 ~ 06 BORREANI
0 ' 16 YOUNG
0 ~ 09 BELLDTT2
0 ~ OZ1 E ICHTEN

e ~ ~ e
0 ~ 019 AVERAGE (FRROR INCLUDES SCALE FACTOR0.013 VALUE FROM CONSTRAfNEO FIT

(P6)/(P3)
64 HBC +
65 EMUL +
67 HLAC
68 HLBC +

CHAR ~ K INTO
230 0 e90

37 Oe90
854 Oe94

4585 0.846
e ~ e e ~

AVG Oe857
FIT 0 870

R20
R20
R20
R20
RZO
R20
R20
R20

8/66
8/66

11/6 7
11/68

K INTO PI
(2 ~ 1)
(2 2) (
( I ~ 5) (
le7
1 8

e ie ~ e ~
1 ' 75
le 702

PRIME) (UNI TS loss-2) (P4)/TOTAL
8IRGF. 56 EMUL +
ALEXANDER 57 EMUL +
TAYLOR 59 EMUL +
ROE 61 HLBC +
SHAKLEE 64 HLAC +

CHAR ~

Q

0
0

AVG
FIT

2P ID (TAU
Oe5)
Oe4)
0 ' 2)
Oe2
0 2
~ e ~
0 14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
0 048 VALUE FROM CONSTRAINED FIT

I I l67
11/67

OF 1 ~ 0)
108

(PI+ PI- Et NEU) ITAU{ UNITS lose-4) (P7) /(P3)
1 ~ 5 8 I AGE 65 FAG +
0 ' 63 ELY 69 HLBC

R21
R21
R21
R21
R21

POSIT K INTO
69 6e7

269 5 ~ 83
e ~ \ e ~

5e96

8/66
11/68

K INTO Mlf PIG NEU (MU3) (UNITS 10ee-2) (P5)/TOTAL
(2 ~8), ( le0) BIRGE 56 LMUL +
(5 9) {1 3) ALEXANDER '57 Ex(UL +
{2' 8) (0 4) TAYLOR 59 EMU{. +
e e e e e e e ~

3 ~ 18 Dell VALUE FROM CONSTRAINED FIT

CHAR ~

Q

n
0

F IT

~ e ~ e
0 ~ 58 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I 0'AVG

&Us NEU)/TAU{VNITS 10es-4) (P9)/(P3)
GRE INER 64 EMUL +
BISI 67 DBC +

R22 POSITeK INTO (PIS PI
R22 1 {2e5) APPROX
R22 7 2 57 I ~ 55

See the illustrated key preceding the data card listings.

8/66
11/67

CHAR ~ K INTO PI MU+ MU- (UNITS lose-6) (P 16)/TOTAL
(3' 0) OR LESS CAMER INI 65 F BC + 90 PER CT CONF
(2e4) OR LESS NISI 67 DBC + 90 PFR CT CONF



PARTxcLE X)ArA GRom 2i'.essrero oj' Par)r'ale Proprsfr'es 1)i

STABLE PARTIC LES
Data in parentheses ha{re

I)EISHTEO AVERAGE = O.S3? + 0.048
ERROR SCALEO BY 3.1

not been included in our at/erages.

Fitted Partial Decay Mode ))ranching Fractions
Diagonal elcmcnts are P.+SP.; SP. = o/( SP.SP.) ~ Off-diagonal elements are correia-

1 1 I 1 I
tion coefficients = (SP.SP.) /(SP SP.).i j i j

P 1 P 3 P 4 P 5 P 6P 2

Values above of weighted
average, scale, etc. for
readers convenience. The
data we re actually pr oc-
essed by program AHR,
which calculates its own
values of SCALE, x, and
S(x) (which are different
from the values shown here).

P I ~ 63S+ ~ 003
P 2 - 831 209+- ~ 003
P 3 -o 167 - ~ 084 o 056+-~ 000
P 4 o149 ~ 062 ~ 204 ~ 017+-~ 000
P 5 o 267 «o 194 o 094 o008 ~ 032+ F 001
P 6 -~ 246 F 208 . ~ 185 021 498 o 04'8+- F 001

Fittc&1 Partial Decay Rates
)&ia oonal clcrncnts are W.+SW.; W. = I P. ; SW. = o/( S)V.SW.) . Off-diagonal eie-

i i' s total i' i I 1

ments are correlation coefficients = (SW.SW. ) / (SW.~ SW.)~j I j
W 2 W 3 W 4 W 5

0.2 0.6 1.0.

- .EICKTEN
YOUN(s. .BISI

1.4

CHISQ
68 HLBC 2.4
6S EMUL

65 H+ HL .7.4
9.9

(CONLEU
=0.002)

W 1 516+ ~ 003
W 2 -o421 ~ ol&9+- 003
W 3 F 086 F 027 ~ 045+ F 000
W 4 ~ 088 ~ 039 ~ 191 o014+ 000
W 5 -.163 -.160 ~ 097 009 o026+- F 001
W 6 088 - ~ 140 lS3 o 022 o 502 o 039+ ~ 00 1

+K Form Factors
CHARGEO K INTO {MU PIO NEU)r(TAU) The definition of all the variables listed
CHAR ~ K INTO

1679 5 ' 89
5110 F 16

o o o o
G 6 o02
T 5 ' 723

R23
R23
R23
R23
R23 AV
R23 Fl

I

R24
R24
R24
R24
R24 AV
'R?4 F I

CHARo K INTO
Oo3253

1600 Oo305
«o o o ~

G 003230
T Do3282

(E PIO NEU) lt MU2+PI2) {UNITS 10»»-2) tP6)l {Pl+P2)
0 21 CESTER 66 OSPK +
0 ~ 22 FSCHSTRUT 68 OSPK +

~ ~ ~ o
Oo15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
0 ' 092 VALUE FROM CONSTRAINED FIT

{PI PIO)/(HV NEU) {P2) /(P I)
0 ' 0065 AUERBACH 67 OSPK +
0 ' 018 ZELLE(t 69 ASPK +

o ~ ~ o
0 ' 0065 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
0 ' 0059 VALUE FROM CONSTRAINED FIT

R25 CHARo K INTO {E PIO NEU) l{HU NEU) {P6)/(P 1)
R25 472' 0o 0797 0 ~ 0054 AUERBACH 67 OSPK +
R25 THE VALUE ~ 0785&- ~ 0025 GIVEN IN THE ABOVE REF IS AN AVERAGE OF
R25 AUERBACH 67 R25 AND CESTER 66 R23o
R25 9&0 0775 ~ 0033 BOTTERI1 68 ASPK +
R25 561 0 ~ 069 0 ~ 006 GARLAND 68 OSPK +
R25 350 Oo069 0 F 006 ZELLER 69 ASPK
R25 o o o o o ~ o ~ o
R25 AVG 0 0753 0 0025 AVERAGE {ERROR INC(I)DES SCALE FACTOR OF 1 1)
'R25 FIT Oo0760 0 ' 0012 VALUE FROM CONSTRAINED FtT

R26 CHARo K INTO
R26 310 000602
R26 424 Oo055
R26 240 Oo054
R26 o o o o o
R26 AVG 0 ~ 0569
R2& FIT Oo 0499

(HU PIO NEU)/(MU NEU) (P5)/(P 1)
0~ 0046 AUCRBACH 67 OSPK +
0 F 004 GARLAND 68 OSPK +
0 ' 009 ZELLER 69 ASPK +

~ ~ o ~
0 ~ 0029 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I 0)
0 ~ 0019 VALUE FROH CONSTRAINFD FIT

R27
R27
R27
R27
R27
R27

R28
R28
R2S
)t2S
R28

CHARo K INTO (HU NEU)/(TAU) (Pl)/tP3)
R 427 (10 38) (0 82) YOUNG 65 EMUL +
R DELETED FROH OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESUI.TS
R TO ADO UP TO 1 ~ ONLY YOUNG MEASURED MU2 DIRECTLY ~

o o ~ o o o o ~ o
FIT 11 44 0 ~ 10 VALUE FROM CONSTRAINED FIT

CHAR ~ K INTO t E NEU)/(HU NEU) (UNI TS 10»»-5), (Pl 1)I{Pl )
10 1o9 0 ~ 7 0 5 SOTTERILL 67 A'SPK +.

8 loB Oo8 Ooe MACEK 69 ASPK»
o I o o o ~ o o ~

lo86 0 ~ 46 AVERAGE tERROR INCLUDES 'SCALE FACTOR OF 1~ 0)AVG

R30
R30

R31
R31

CHARe K INTO PI GA)rHA GAMHA/TOTAL (UNITS 10»» 4)(P17)/TOTAL
(lo1) OR LESS CHEN 68 OSPK +

CHARo K INTO PI E NEU GAMMA/PI E NEU IP18)/{P6)
0 ' 012 Oo008 SELLOTTl 67 HLBC +

R32
R32
R32
R32
R32
832
R32
R32

CHAR K INTO {P12 + HU3) l(TOTAL) (P2+P5) /TOTA(.
WE COMBINE THESE TWO MODES FOR EXPTS MEASURING THEM IN XENON BC
BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE

23o4 1o1 ROC 61 HLBC +
886 25 F 4 Oo9 SHAKLEE 64 HLBC +

o o o o ~ o o o o
24 60 0 ~ 98 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 4)
24 11 0 29 VALUE FROH CONSTRAINED FIT

AVG
F IT

R33
R33
R33

K INTO PI+ E E /TOTAL t UNITS 10»»-5) {P 19) / TOTAL
TEST OF LEPTON NUMBER CONSERVATION

(lo5) OR LESS CHANG 68 HBC CL&

R29 CHARo K INTO (HU PIO NEU) l(E PIO NEU) (P5)/(P6)
R29 C1509 Oo703 0 ' 056 CALLAHA1 66 HLBC
R29 A 1398 (Do&04) {Oo022) EICHTEN 68 HLBC
R29 5601 Do&67 0 ~ 017 BOTTERI2 68 ASPK +
R29 COMMENTS
R29 A ONLY INDIVIDUAL RATIOS INCLUDED IN FIT—SEE R19 ANO R20--
R29 C FROM THIS EXPERIMENT WF USE ONLY THE HU3/E3 RATIO ANO 00 NOT
R29 C INCLUOC IN THE FIT THE RATIOS MU3/TAU AND E3ITAUr SINCE THEY
R29 C SHOW ).ARGE DISAGREEMENTS WITH THE REST OF THE DATA
R29 o e o o o o o o o
R29 AVG Oo670 0 ~ 016 AVFRAGE (CRRCR INCLUDES SCALE FACTOR OF loo)
R29 FIT Oo656 0 ~ 023 VALUE FROM CONSTRAINED FIT

8/67
3/6 8

8/6 7
10/69»

8/67

5/6 8
4/68

10/69»

B/67
4/68

10/69»

9/66

11/67
4/e 9»

6/68
10/e8
e/es

11/68

5/6 8

11/67

11/67

11/67
11/67

3/68

in this section can be found in the text.
The values of ( as obtained in p polariza-

tion measurements ((&) are still in disagree-
ment with the values obtained froxn branching

ratios and spectra (gA).
It now appears that & is different froxn

zero for both K and K& decays; therefore,0

in calculating ( froxn branching ratios and.

spectra this energy dependence should be

taken into account. . The p, polarization xneas-
2urements are less sensitive to the q de-

pendence. For example, using the relation
for the K 3/K 3 branching ratio given in the

p3 e3
text, the contribution of the & terxn (taking

&+ = 0.03) is AE = (-%.39X0.03)/O. f 27 = - 0.33.
For this reason we have not averaged the

values of (A which were obtained from
branching ratios by assuming & = & = 0. At+ «

'the present tixne there is no evidence for an

energy dependence of f, but the data are not

inconsistent with a large & (see CRONIN 68,
who uses ~ = - 0.14).

We have listed the values of T=q /m=2 2

whenever available, for possible future use.
Notice that the only published experiment

(the X2 collaboration) which deterxnines (
froxn all three methods (see HAIDT-2 69)

R34
)t34

R35
R35
(t35
R35

CHARe K INTO PI NEU NEU/ TOTAL tUNITS 10»»-4) tP20)/TOTAL
(lo0) OR CESS CANER IN( 68 + TEST NEUTR CVRR 11/68

CHARo K INTO (TAU) /(TAU PRIME ) (P3/P4)
USED FOR DELTA I«l/2 TEST

o o o o ~ ~ ~ ~ o
FIT 3 ~ 275 0 ~ 091 VALUE FROH CONSTRAINED FIT

shows no disagreement at all. The overall

fit of the data of this experiment gives ((5.0)

= - 0.58+0.13, for X+ = + 0.029 and & =-0.13.

See the illustrated key precedint) the data card )latin()s,
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STABLE PARTIC LES

Data in parentheses ha ve not been 'included in our averages.

10 CHARGED K FORM FACTORS

F+ ANO F- ARE FORM FACTORS FOR Tl'E VfCTOR MATR IX ELEMENT
FS ANO FT REFER TO THE SCALAR AND TENSOR TER tt

XIA . X I A F-/F+ (DETERMINED F ROM SPECTRA ANO KMLI3/KE'3)
XIA
XIA
X IA
XIA
XIA
XIA
X IA

UKLESS OTHERWISE NOTED THE EXPERIMENTS BELOW EVAL()ATE
XI ASSUMING THAT IT IS INDEPFNOENT OF MOMENTUM TRANSFER
I E THEY SET LM+LM&0 AND REPORT THEIR RESULT AS XI AT T 0 ~

Ih REALITY ~ HOWEVER THEY HAVE Mf ASURED XI OVER SOME
REGION WHERE T I 5 NOT ZERO
THE AVERAGE MADE BELOW IGNORES THAT T DEPFNOENCE

X(A 76 +1 ~ 8 1e6 BROWN 62 XEBC + MUetPIO SPECTRA
XIA 87 +0 ' 7 0 ' 5 GIACOltELL 64 EMUL + MU+ SPECTRUM
XIA -0 ~ I 0 ~ T JENSEN 64 XEBC + MU+tPIO SPECTRN
XIA L (-0 ~ 17l t oe75) (0~ 99) SMAKL EE 64 XEBC + KtrU3/KE3
X I A L (+0 ~ 6 I (0 5) 8151 I 65 Hr)C + KMU3/KE 3
XIA RTWN +0 ~ 2 ANO +1 4 CUTTS 65 OSPK + MU+ SPFCTRUM
XIA L 1509 (+0 4) (0 4) CAt. lAHA1 66 FRRC + K&U3/KE3
XfA 2648 0.0 I I 0,9 CALLAHAI 66 FRBC + MU+ SPECTRUM
XIA 444 +0 ~ 72 0 ~ 80 CAlLAHA1 66 F-BC + P+0 SPEC ~ FIX MU

XIA L f+0 ~ 75) (0 50) AUERBACH 67 OSPK +, K~U3/KE3
X IA E 1398 -0 e 60 0 ~ 20 EICHTEN 68 HLBC + KMU3/KE3 T=4 ~

XIA 8 5601 (-0 ~ 08 I (oe15) JtOTTER(L2 68 ASPK + K%3/KE3, L'M+"-~ 023
XIA 78 -O. 5 O.9 E ISLE R 68 HLBC + P fo SPECTtLM+-=0
XIA L 976 (+1 ol (0 ~ 6) GARLAND 68 OSPK + KMU3/KE3tLM& =0
X(A 8 -0.35 e 22 BOTTERIL 69 OSPK KM3/KE3 tLM+= 045
X I A H3240 0 2e HAIDT 1 69 HLBC + DAL PLOT T=o
XfA H3240 0 ~ 36 0 ' 24 HAIDT 1 69 HLRC + DAle PLOT T=6e8
XI4 Oe91 0 82 ZELLER 69 45PK + KM3/KE3 NOTE Z

XIA 8 T=O BOTTERIL 6') 15 REEVALUATI ON OF BOTTERIL2 68 WITH DIFF ~ LM+

XIA E 7=4 ASSUMES LM+eoe 023+-0 ODB IN5EN5ITIVE TO LM-
XIA H HAIDT 69 ASSUMES LM+~ ~ 029-VALUES AT T~ot T~ee8 ARE UNCORRELATED
X(A L (.M+ AND LM- ASSUMED TO RE ZERO —NOT AVERAGED
XIA Z T-o ZELLER e9 ASSUMES t M+=o.o23, t.M- 0
XIA ~ e ~ ~ ~ ~ e e ~
XIA AVG -0 31 0 13 AVERAGE (ERROR INCLUDES SCALC FACTOR OF I ~ 1)

(SEE IDEOGRAM BELOW )

8/67

8/67
8/67
8/67
8/6 7
8/67
8/67
8/67
8/67
8/67
8/6 7

10/68
6/68
6/, 6 8
4/68

10/694
10/694
Io/69e
IO/69»
10/69»

IJEIGHTEO AVERAGE = -0.40 4 0.15
ERROR SCALED BY 1 e5

~ CUTTS
. -BETTELS

BETTELS
CALLAHAN

- .CALLAHAN
.SORREANI
ZELLER
HAIDT 1

. .HAIDT 1
BDTTERIL '

. -EISLER
- .EICHTEN

CALLAHAN
.CALLAHA1
.JENSEN
.GIA CO)tELL
BROWN

6B OSPK
68 FRBC
68 FRBC
66 FRBC
66 FRBC
65 HLBC
69 ASPK
69 HLBC
69 HLSC
69 OSPK
6B HLBC
6B HLBC
66 FRBC
66 FRSC
64 XEBC
64 EftUL
62 XESC

-4 -2 0 2

CO)tBINED F-~F+ USING BOTH

4 6

XIA AND XIB

FT FT/F+ RATIO OF TENSOR TO Ft COUPL INGS (485 ~ VALUE)

CHISQ
3.4
0.0
4.0

2.5

0.0
0.0
0.0
1.0
9 ' 1
0.2
0.2
4.B

25.4
(CDNLEV
=O. OOB)

lJEIGHTEO AVERAGE = -0.31 + 0.13
ERROR SCALED BY 1.1

'ZELLER 69
HAIDT 1 69
HAIOT 1 69

'BOTTERIL 69
'EISLER ' 68
~ EICHTEN 6B
CALL AHA1 66
CALL AHA1 66

~ JENSEN 64
.GIACD()ELL 64
BROWN 62

CHISQ
ASPK 2.2
HLBC 0.0
HLBC
OSPK D. O

H( BC 0.0
HLBC 2.1
FRSC 1./
FRBC 0.1
XEBC 0.1
EMUL 4.1
XEBC

10.4
(CONLEU
=0.241)

F-&F+ FOR CHGD K DECAY (FRO)f SPECTRA)

FT
FT
FT

( ~ 58) OR LESS
(1 ~ 1) OR LESS
(0 58) OR 'LESS

BELLOTT2 67 HLBC 90 PERC ~ CONFLEV Io/69»
KALMUS 67 MLRC + 95 PERC ~ CONFLEV IO/69e
t)CTTERILI 68 ASPK .CLe90 PERCENT 8/66

LMe
(.M+

8/6 7
8/eT
8/6 7

11/67
11/67
8/67
8/67
6/6 8
6/68

1 0/6 9e
II/69e
I I/69»

10 CHARGED K ENERGY DEPENDENCE OF DALITZ PLOT

MATRIX ELEMENT SCUAREO ~ I + G (53-50 I /(ttpl+*42)

GT+
GT+
GT+
GT+
GT+
GT+ A

LINEAR ENERGY DEPENDENCE
5428 -0~ 22 oe 024
9994 -0 ~ 218 0 ~ 016

17898 -0 ' 196 0 ' 012
e e e ~ ~ e e ~ e

VG -oe2061 0 ~ 0089

(G) FOR TAU DECAYS CHARGED K INTO Pl PI+Pl-
ZINCHENKO 67 HBC + ALSO ORC
BUTLER 68 MRC . +
GPAUttAN 69 HL RC + E."(UlS DATA AOOE 0

AVERAGE f ERROR f NCLUOES SCALE FACTOR OF 1 ~ 0)

IO/69»
10/69et
IO/69e

LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KE3 DECAY I
FOR lrAO CORR ~ TO THE OALITT PLOTt SEE GINSBERG 67.

LM+ 217 eo ~ 0')8 ~ 045 BROWN 62 XEBC + PIO SPECtNO R ~ C ~

L&e 407 -0 ~ 010 ~ 029 JENSF N 64 XERC + Pl 0 5PEC t NO ReC ~

LM+ 230 -oe04 ~ 05 BDRRFANf 64 HBC + E+ SPEC NO R ~ C ~

LM+ 8 457 (+0 025) ( ~ 018l BELLOTT( 66 FBC + SEE NOTE 8 BELOW
LM+ 854 0 045 0 ~ 017 Oe 018 BELlOTTZ 67 F BC + SFE NOTE 8 r)ELOW
Lts+ 8 BFLLOTT2 67 R EPLACES BELL OTTI 66 USES CAL ITZ PLOT 'WITH RAD ~ COR ~

LM+ 1393 +O. Ole .Olb IMLAY 67 OSPK t DLTZ PlT, NO R.C.
LM+ 51 5 +De 028 ~ 0'13 ~ ol t KALMUS 67 & BC + Et Pl SPEC t NO R ~ C ~

L&+ 960 ( ~ 08) ( ~ 0tl BOTTEPILl 68 ASPK + E SPEC ' USES e ~ C ~

LM+ 90 «0.02 0.08 0. 12 EISLFR 68 HLBC + Plo SPFC,NO R C.
LM+ 1458 ~ 045 015 ACT TE RIL 69 OSPK PI 0 SPECTRUtt Rc
LM+ 1347 (0 053) (0 ~ 026l (0 ~ 021)HAIDT 1 69 HLBC KMU3 04t. ITZ PLOT
LM+ $ HA IOT I 69 NOT AVERAGED BECAUSE INDIRECT MEASUREMENT ~

(.M+ e ~ e ~ ~ ~ ~

LMe AVG 0 ~ 0286 0, 0074 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF I ~ 0)

XIB XI 8 F-/F+ (DETERMINED FROM MU POLAR IZAT(ON IN KMU3)

XIB MEAS OF Xl USING POLARIZATION IS LESS SFNS(TIVE TO FORM FACTOR
XIB VAR IATIONSe

GT- L I
GT 1
re7 5
GT- 50
r,T-
GT- AVG

NEAR ENERGY DEPENDENCE
347 (-oe220 ) (0 ~ 035 I
778 -oe190 0 ~ 023
919 -0 ~ 194 0 ~ 007

e ~ e ~ ~ ~ e ~ ~

0 ~ 1937 0 ~ 0067

(G) FOR TAU DECAYS CHARGED K INTO PI PI+PI-
FERRO-LUZ 61 HRC - NO RAD CORR
stGSCOSO 68 HRC ALSO DBC
MAST 69 MRC

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ ol

I 0/6 91
10/6 9e
10/69e

X (8 2100 +I~ 2
X IB 397 -I ~ 4
X I 8 2950 -0 ~ 7
XIR 86000 -0 ~ 6
XIB 86000 1 ~ 0
XIB 3133 0 95
XIB 8 BETTELS 68
X(8 ~ ~ ~ ~
XIB AVG 0~ 94

65 HLBC + POL4RIZATION
66 F-RC + TOTAL POLA- ~

66 &RBC + LONG» POLAR ~

68 FRBc + - TGTAL 'poL T=o
68 PRBC + TOTAL POL ~ T&4e9
68 OSPK + TOTAL POL Tz3

UNCORRELATEO

2e4
I ~ 8
Oe9
I 1
0 ' 3
0 3

VALUES AT

1 ~ 8 BOR RE AN I
CALLAHA1

3 ~ 3 CALLAHA1
BETTELS
RETTELS
CU7TS

T=o ANO T=4e9 ARE

oe20 . AVERAGE (ERRCR INCLUDES SCALE FACTOR OF leo)

8/&7
8/6 7
8/67

1(/69e
11/6 9et
6/68

GTP LI
GTP I

GTP

GTP AVG

NEAR ENERGY DEPENCENCE
792 0 ' 48 0 F 04
874 0 ' 586 0 ~ 098
048 De516 0.020

e e ~ ~ ~ ~ ~ ~ e
0 ' 511 0 ~ 018

(G) FOR TAll PRIME DECAY CHAeK INTO PI Pl OP(0
KALMUS 64 HLBC +
r) IS I I 65 MlBC + ALSO HBC
DAY( SON 69 HLBC + ALSO EMUL

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ol

eeeeee eeeeeeeee eeeeteeee eeeeeeeee eeeeeeeee 'eeeeeeeee «eeeeeeee eeeeeeee

10/69»
10/69»
10/69e

RXI REAL PART
RXI 76 +I ~ 8
PXI 87 +0.7
RXI -Oel
RXI 2648 0 ~ 0
RXI 444 +0 ~ 72
RXI 1398 0 ~ 60
RXI 78 0 ' 5
RXI B -0 ~ 35
RXI H3240 -0 ' 36
RXI H3240 Oe
RXI 0 ' 91
RXI 2100 +1 2
RXI 397 -lent
RXI 2950 -0 7
RXI 86000 -1~ 0
RXI 86000 0 ' 6
RX I 3133 -oe 95
RXf ~ ~ ~ e
RXI AVG -0 40

OF XI (COMBINED XIA ANO XIB)
le6 BROWN 62 XEBC
0 ~ 5 GIACOrtELL e4 EMUL
oe7 JENSEN 64 XEBC
lel 0 ~ 9 CALLAH41 66 FRBC
0 ' 37 CALLAHAN 66 FRRC
0.20 EICHTEN 68 HLBC
0 ' 9 EISLFR 68 HLAC

e 22 ROTTF R ll 69 OSPK
0 24 MAI DT 1 69 HLBC
2 HAIOT 1 69 HLBC
0 82 ZFLLER 69 ASPK
2 4 I 8 BORRE ANI 65. MLBC
1 8 CALLAHAN 66 FRBC
0 ~ 9 3 ~ 3 CALLA VAhl 66 FRBC
oe3 BETTELS 68 FRBC
Iel BETTELS 68 'FRBC
0 ~ 3 CUTTS 68 OSPK

~ ~ ~ ~ ~
oe 15 AVERAGE (ERROR INCLUDES
(SEE IDEOGRAM BELOW I

+
+

+

+

+
+
+

SCALE FACTOR OF. I 5)

IXI
IXI

FS

FS
F5
FS

( 18) OR LESS
( ~ 30I OR' LESS

(0~ 23) OR LESS

RELLOTT2 67 HLBC 90 PERC ~ CONFLEV 10/69e
KAlMUS 67 HLRC + 95 PERC ~ CONFLCV 10/69»
BOTTE RIL 1 68 ASPK C(,=90 PERCENT 8/66

IMAGINARY PART OF X I (TEST OF 7 REVERSAt. )
0 1 0 ~ 4 0 ~ 3 BETTE LS 68 HLBC P GLAR I 7 AT ION 10/694

FS/Ft RATIO OF SCALAR TO F+ COUPL INGS (ABSe VALUE)

BIRGE
ILOFF
ALEXANOE
COHEN
8 I SENBER
BURROWES
TAYLOR

FREDEN
BARK45
BHOWMI K

FERRO-LU
NORD IN
ROE
BOY ARSK I
BROWN

60 PR 118 564
61 PR 124 1209
61 Nc 20 857
61 NC . 22 1087
61 PR 123 216*
61 PPL 7 346
62 PR 128 2398
62 PRL 8 450

BARK AS
BORREAN(
CALLAHAN
CAMER INI
CL INE
GI ACOME L
GtRE INER
JENSFN
KALMUS
SHAKLEE

63 PRL 11 26
&4 Pl 12 123
64 PR 136 8 1463
64 PRL 13 318
64 PRL 13 101
64 NC 34 1134
64 PRL 13 284
64 pR 136 81431
64 PRL 13 99
64 PR 136 8 1423

56 NC 4 834
56 PR 102 927
57 Nc 6 478
57 FUND ~ CONS ~ PHYS ~

58 Nc 8 663
59 PRL 2 11T
59 PR 114 35&

R E PERE NC E 5
10 CHARGED K (494 t JP=O ) 1-1/2

BIRGE PERKINS ~ PETERSON, STORK WHI TEHF A (LRL )
ILOFF GOLDHABER LANNUTTI GIL BERT + (LRL I

ALEXANDER ~ JOHNSTON tOCE ALLA( GH (DURL IN INST )
E R COHEN K M CROWE ~ J DUMOND (4 I+LRL+C IT I
EI SENBE&G, KOCHt LOHRMANN, NIKOL IC + (BERN)
BURROWEStCALDWELL tFRI SCHtHILL + (MIT)
S TAYLORtHARR IStOREARtLEE ~ RA~JMEL (COLUMBIA)

S C FREOENtF C GILBERT, R S WHITE (LRL)
BARKAS, OYER, MASON, NOPR IS ~ N(CKOLS, SMI T (LRL)
8 BHOWMIK P 0 JA( N P C MATMIJR I DELHI UNIV I
FERRO LUZZI tMILLFntMURRAY ~ ROSENFELD+ (LRL)
PAUL NORD IN JR (LRL)
ROE ~ SINCLAIRtBRGWNtGLASER + ( st I CH+L RL )
BOYAR SK I t LOM ~ NIE MELA t R I TSON ( &IT)
BROWN KADYK TRILL (Nn, ROE+ ( LR(. t M ICH)

W H 84RKAStJ N DYERtM M HECKMAN (LRL)
G BORREANI G RINAUOO 4 WERRROUCK (TUR(N I

4 CALLAHAN ~ R MARCMtR STARK (WISCONSfN)
CANER (kf CL INE FRY POWELL (WISCONSINFLRl )
0 CLINE ~ W F FRY (WISCONSIN)
GIACOMELLlt MONT( ta(lARENI+ ( BOLOGNAt t(UNICHI
D GRE INER ~ W OSRORNE ~ W BARXAS (LRL )
JENSEN t SVAKLEE t ROE t Sf NC LAIR ( tt(CH I GAN I
+KERNAN ~ PU POWELL OOWO (LRLt W ISC I
SHAKLEE ~ JCN SEN ~ ROE SINCLAIR ( MICHIGAN)

See the i((ustrated key preceding the data card listings.



Phl&vtcrs DATA GRoUP Review oJ' Parlicle 1'roper(ies

STABLE PART IC LES

Data in parentheses have net been included in our averages.

BIRGE
8'(S I
tl I S I 1
ROR R E ANI
CAL(. AHAN

ChtsER INI
CL INE
CUT TS
gE MARCO

ALSO
F ITCH
GRE I N'ER

STAMER
TRILLING
TR I L L ING
YOUNG

ALSC

BELLOTT I
CALL AHA(
CALLAHAN
CESTER
CFSTER
LOBKOWIC

65 PR 139 8 1600
65 NC 35 768
65 PR 139 8 1068
65 pR 14o Blege
65 PRL 15 129
65 NC 37 1795
65 PL 15 293
e5 PR 138 89e9
65 PR 140 8 1430
68 PR 169 1045
65 PR 140 8 1088
65 ARNS 15 67
65 PR 138 8 440
65 UCRL 16473
65 IS UPDATED FROM
65 UCRL 16362
67 PR 156 1464

BIRGE ELY GIDALtCAMERINI CLINE V (LRL+WIS)
BI SI BDRREANI, CESTER FERRARO + (TURIN)
BISI MARZARI-CHIESA RINAUDO {TUR INC ~ INFN)
BORREANI Gl()ALtRINAUDOtC4FORIO+(BARI ~ TUR IN)
4 CALLbHAN ~ 0 CL(NF (WISCONSIN)
CAMFRIN I CL{NE GIOAL KALMUS KERNAN(l{IStLRL)
4 CLINE W F F RY (W I SCONS IN)
CUTTS EL IOFF ST IENING (LRL)
DE MARCO ~ GROSSO ~ RINAUDO (TUR INO+CERN)
SA YFR ~ BE ALL t DEVLIN ~ SHE PHARD+ ( MO+PPA+PALMER )
F I TCHt QUARLES tWILK INS (P (INCETON+MT HDLYK)
QUOTED BY BARKAS {LRL)
ST AMER t HUETTE R t KDL LER ~ TAYLOR t GRAUMAN ( ST EV )
GF. OPGE H TR !LLING {LRL)
1965 ARGONNF. CONF PAGE 5
POH-SHIEt{ YOUNG {THES I St BERKELEY)
P-S YOUNG ~ W ~ I ~ OSRORNEtW ~ H ~ BARKAS

(LRL)
(LRL)

66 pL 20 690 BELLOTT I ~ F I OR INI t PULL(A+ (MILAN)
66 PR 150 1153 CALLAHAN ~ CAMERINI+(WISC ~ LRL ~ R (VERS IDEt RARI )
66 NC 44A 90 4 C CALLAHAN ( W I SCONS IN)
66 PL 21 343 rESTER ESCHSTRUTH ONEILL+ (PRINCETON-PENN)
66 SEE ALSO FOOTNOTE 1 OF AUERBACH 67
66 PRL 17 548 LOBKOWIC 7tMEL I SSINOS ~ NAGASHIMA+ {ROCH+BNL)

lJEIGHTEO AVERAGE = 497.87 * 0.32
ERROR SCALED BY 1.5

ues above of weighted
age, scale, etc. «r

ders convenience. The
were actually proc-

ed by program AHR,
ch calculates its own
es of SCALE, x, and
(whsch ax e different

m the values shown here).

AUEP BACH
&ELLOTTI
RELLr(TT2
8l 5 I
'lOTTERIL
BOTT ER IL
AOWEN

CLINE
FLETCHER
FORD
G (AC DMEL
r&INSBERG
I ML AY

KALMUS
ZINCHENK

67 HEIDELBERG CONF
67 PRL 19 98
67 PRL 18 1214
67 BNL 11056
67 PR 162 1570
67 PR 160 1203
67 PR 159 1187
67 RUTGERS(THESIS)

CL INE, HAGGERTY ~ SINGLETON, FRY+
FL FTCHER ~ BE IF it t EDWR ADS ~ +
+LEMON( CKtNAUENBERG ~ PIROUE
GI ACOMELL It KYCI At L I t TE IGER
EDWARD S GINSBERG (U ~
IMLAYt F SCHSTRUTH tF RANKL IN+
KALMUStKERNAN
ZINCHENKO

(WISCONSIN)
( I LL 'I NO I S )

(PRINCETON)
(BNL)

MASS BOSTON)
(PRfNCETON)

(LRL)
(RUTGERS)

67 PR 155 1505 +OOBBStMDNNtMCFARLANE ~ WHITE+ (PENN ~ PRIN)
67 HEI DELBERG CONF BELLOTT I tPULL IA (MILAN)
67 NC 52A 1287 RELLOTT ltFIOR INI tPULLIA {MfLAN)
67 PL 258 572 Bf S I tCF STER ~ C HI ESA t V I GONE (TOR INO )
67 PRL 19 982 ROTTER ILL ~ RROWNtCORBETTtCULLIGAN + {OXFORD)
67 SEE ALSO BOTTERILL 68
67 PR 154 1314 BOWEN ~ MANNtMCFARLANEtHUGHES+(PENN PRINCETO)

H 67 OSPK
AY 66 HBC

6S HBC
STENS 64 DSPK

496.S 497.S 498.S 499.S SOO. S

NEUTRAL K MASS (MEIJ)

12 SHORT LIVED NEUTRAL K {498 JP 0-) I I/2

CHISQ
0.7
4.3
1.7
0.3
7.0

(CONLEV
=0.072)

BETT ELS
BOTTERIL
ROTTFRII
BOTTERI 2
4UTLER
CAMERINI
CHANG

68 NC 564 1106
68 PR 171 1402
68 PR 174 1661
68 PRL 21 766
68 UCRL-18420
68 VIENNA ABS ~

68 PRL 20 510

CHEN
CUTTS
c ICHTEN
FISLER
E SCHSTRU
GAR(. AND

MOSCOSO

68 PRL 20 73
68 PRL 20 955
68 P(. 278 586
68 PR 169 1090
68 PR 165 1487
68 PR 167 1225
68 THESIS

BOTTERIL 69 PREPR INT
DAY I SCN 69 PR 180 1333
'ELY 69 PR 180 1319
fMME RSON 69 PRL 23 393
GRAUSrAN 69 PRL 23 737

AACHEN-BAR I-BERGEN-CERN-EP-N(JMEGEN-OR SAYt
ROTTER ILL ~ BROWN COR BETT ~ CULL IGAN+ (OXFORD)
BOTYERILL ~ BRDWN ~ CLEGGtCORBETT, + (OXFORD)
ROTTER ILL BROWN CLFGG ~ CORt)ETT + (OXFORD I
+BLAND GOLDHA BER GOLDHABER HI RATA+ (LRL ).

537 CANER IN I CL INF L JUNG ()sf SC)
rHANG ~ YOCHt FHRLICHt PLANO+(MARYLAND t RUTGERS)

(HEN CUTTS KI JEWSKI ~ STIENING t {LRL MIT)
r UT TS, ST I EN IN G, W I EGANo, DEU7SCH {LRL, MI 7 )
AACHEN-BAR(-CERN-FP-ORSAY-PADOVA-VALENCIA
EISLER ~ FUNG ~ MARATECK ~ MEYERtPLANO (RUTGERS)
E SCHSTR UTH ~ FR ANKL IN ~

HUGHES+�(

PR INCE TON ~

PENN�)

+7 SIPI 5 t DEVON StROSFN+ (COLUMBI AtRUTGtW I SC)
L MOSCOSO (UNIV PAR I S ORSAY]

+BROWN, CLEGG, CORBETT, CULLIGAN+ (OXF)
+BACASTOW BARKAS ~ EVANS ~ FUNG PORTER+ {RIVS)
ELY GIDAL HAGOPIANtK4LMUS+ (UCL ~ WIS, LRL)
EMMERSON ~ QUIRK (OXFORD)
+TAYLOR, KCLLE R PANDO()LASa ( STEV ~ SETON, LEHI)

0 90
512

0 63
0 OLD

378
503
545

572
4500

8
8 KOS

5000
19994
20000

H H IL
H IN

T
7
T
T
T
T
T
T
T
T
T
7
7
T
T

T
T
T

T AVG
7 F IT

12 KOS L IFETIMF (UNITS 10eII 10)
(I ~ 07) (0 ~ 13) (ot13) BOLDT 58 CC
ot 94 0 ~ 05 0 ~ 05 CRAl{FORD 59 HBC

{I 09) (oel8) (0~ 15) BCWEN 60 CC
EXPTS WITH LO't( STATISTICS NOT INCLUOEO IN AVERAGE ~

0~94 0 ~ 05 0 ' 05 BERTANZA 62 HBC
oa 87 0 ~ 05 CHRET IE N 63 HLBC
0 ~ 86 0 F 04 KRFISLER 64 OSPK
oi866 0 ' 016 ALFF-STEI 66 OSPK
0+90 0 ~ 06 0 ~ 05 AUERBACH 66 OSPK
0+92 0 F 04 BALTAY 66 HBC

(0 ' 904) ( 0 ~ 024) BOTT-BODE 66 OSPK
L IFET IME NOT THE PRIMARY QUANTITY MEASLIRED IN THIS EXPT ~

0 843 0 ~ 013 K IRSCH 66 HBC
0 ~ 856 0 ~ 008 r)ONALO 68 HBC
0 ~ 865 0 ~ 009 HILL &8 DRc

L 68 GIVES A DETAILED DISCUSSION OF SYSTEMATICS ENCOUNTERED IN
THIS TYPE OF EXPER(MENT ~

~ ~ ~ ~ ~ ~ ~ ~ ~

0 8619 0 ~ 0062 0 0062 AVERAGE IERROR INCLUDES 'SCALE FACTOR
0 8619 O ~ O058 VALUF. FPOM CONSTRAINED F IT

6/68

9/6&
8/67
6/ee
9/66
6/68
6/66
6/68
e/eB

OF I ~ 2)

HA IDT 1 '

HAIOT 2
HFRZO
ttACEK
MAST
ZELLER

69 PL 298 691
*9 PL 298 696
69 COO-1195-166
69 PRL 22 32
69 PR 183 1200
69 PR 182 1420

+( AACH ~ BARI ~ C ERN ~ EPOL ~ Nl JM ~ OR SAY ~ PAOC TORI )
+STE IN+( AACH+ BAR I+CERN+EPOL+N I JM+OR 5+PA+TO)
sBANNEP. , BE( ER BERT RAM EDWARDS+ ( ILL)
MACEKtMANN ~ MC FARLANE ~ ROBERTS+(PENN ~ TEMPLc)
+GcRSHWIN ~ ALSTON-GARNJOST BANGERTER+ {LRL)
Z E I L ER t H ADD OC K t HEL(. AND t P AHL+ ( UC LA ~ L RL )

BLOCK 62 CERN CONF 371 BLOCKtLENDINARA ~ MONARI (NWU+BOLOGNA)

PAPERS NOT REFERRED TO IN DATA CARDS

QUANTUM NUMBER DETERMINATIONS NOT PEFERREO TO IN THE CATA CARDS

Pl
P2
P3
P4
P5

12 KOS PARTIAL DECAY MODES

KOS INTO P I+ P f-
KOS INTO PIO PIO
KOS INTO MU+ MU

KDS INTO Et E-
KOS INTO stl+ Pf- Ght(MA

DECAY MASSES
139+ I 39
134+ 134
105+ 105

~ 5+ 5
139+ 139+ 0

RRENE
BIRGE
ADAIR
r ABI BRO

ALSO
ALSO

WILLIS
C RON IN

61 NP 22 553
63 PRL 11 3'5
64 PL 12 67
64 PL 9 352
64 PL 11 360
65 PL 14 72
67 HEI OELBEPG 273
68 VIENNA CONF 241

BRENEtEG4RDT ~ QVIST
BIRGF ATELY' GIDALtCAMERINI +
ADAIR t LEIPUNF R
Ch 81880 t MAKSY ttOW I C I
CAB( BRA ttAKSY MOWIC 7
CAB I BBD ~ MAKSY MOW IC 7.

W J WILLIS -RAPPORTEUR TALK
R APPORTEUR TA LK

(NORD)
(LRL+WIS+BARI)

(YALE' BNL)
(CERN)
{CERN)
(CERN)
{YALE)

(PRINCETON)

esesee «assessee eeeeeeese eeeseseee eeeeeese» sseeeeeee eeeteeeee eeeeeeee
eeeeeeeee «eeeeees» eeesesee» eeeeeeeee eeeeeseee eeeeeeese eeeeeeee

Rl KOS
tt I
Rl
R 'I

Rl U
Rl
R 1 AVG
Rl F IT

INTO ( PI+
o.e8
0 ~ 70

{0 740)

0+684
0 ~ 6871

12 KDS BRANCHING RATIOS

P I- ) /TOTAL {P 1)/TOTAL
0 ~ 04 CRAWF ORD 59 HBC
0 ~ 08 COLUM Bl A 60 HBC

( 0 ~ 024) ANDERSON &2 HBC
UNPUBLISHED ~ NOT AVERAGED

~ ~ ~ ~

0 ~ 036 AVERAGE {ERROR INCLUDES SCALE FACTOR CF I ~ 0)
0 ~ 0058 VALUE FROs( CONSTt(AINEO F IT

M

M 2223
450O

M

M AVG
FIT

498 ' I
497 ' 44
498 ' 9
497 ' 44

497 F 87
497 ' 76

11 NEUTRAL K ( JP=O-) I=i/2

ll Ko MASS (MEV)

0 ~ 4 CHRISTENS 64 OSPK
0033 KIM 65 HBC Ko FROM PBAR P 6/66
0 ~ 5 RALTAY 66 HBC Ko FROM PBAR P 6/66
oo 50 FITCH 67 OSPK 11/67
~ ~ ~

0 ~ 32 AVERAGE (ERR OR INCLUDES SCALE FACI'OR OF I ~ 5)
0 16 VALUE FROM CONSTRAINED FIT 6/eB'
( SEE IDEOGRAM BELOW )

R2 KDS
R2
Rz
Rz
R2 1066
R2 198
Rz
R2 AVG
R2 FIT

INTO ( P 10
0 ' 77
0026
0 ~ 30
Oa335
oa288

~ ~ ~ ~ o
0 ~ 316
0~3129

L(EIGHTEO AVERAGE = 0.316 a 0.014
ERROR SCALED BY 1.3

PID)/TOTAL (Pz)/TOTAL
0 ~ 1 '1 CRAWFORD 59 HBC
0 ~ 06 BAGLIN 60 HLRC
0 ~ 035 RROWN 61 HLBC
0 ~ 014 BROWN 63 HLBC
0 021 , CHRETIEN 63 HLBC

~ ~ ~ ~
0 ~ 014 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I ~ 3)
0 ~ 0058 VALUE FROM CONSTRAINED F IT
( SEE IDEOGRAM BELOW )

11 Ko-K CH ~ MASS DIFFERENCE {IIIEV)

D 3 ~ 9
0 5 ' 4
0 9 3 ' 90

7 3 71
D 417 3 ~ 95
0 ~ ~ ~ ~

0 AVG 3 ~ 92
0 F IT 3 ' 94

Oo&
I 1
0 ~ 25

~ 0 ~ 35
0 ' 21

0+14
0 ~ 13

ROSENFELD 59 HBC
CRAWFORD 59 HRC
BURNSTEIN 65 HBC
K IM 6'5 H BC

HILL 68 ORC

+

K- P TO KO N

+ K+0 TO KOPP
6/68
3/6 8

AVERAGE (ERR CR INCLUDES SCALE FACTOR OF 1 0)
VALUE FROM CONSTRAINFD FIT 6/68

eeeeeeees eseeeeeee sseseseee eseeseeee eeeeeeese sssesssee eeeeeese

Values above of weighted
average, scale, etc. for
readers convenience. The
data were actually proc-
essed by program AHR,
which calculates its own
values of SCALE, x, and
6(x) (which are different
from the values shown here).

CRAWFORD
ROSENFEL
CHRISTEN
t(URNSTEI
KfM
BALTAY
F ITCH
HILL

59 stRL 2 112
59 PRL 2 110
64 PRL 13 138
65 PR 138 8 895
65 PR 140 8 1334
66 PR 142 932
67 PR 164 1711
e8 PR 168 1534

REFERENCES
11 NEUTRAL K (JP=O-)1~1/2

CRAWFORD CRESTI GCOO ~ STEVENSON 7 ICHO (LRL )
4 H RO S E NF F L 0 F SCIL M I T I ~ R 0 T R I P P ( L R L )
CHRISTENSON C RONIN FITCH TURLAY (PRINCETON)
R 4 BURNSTE IN tH 4 RUB(M (MARYLAND)
J K KI & ~ L KIRSCH ~ D MILLER (COLUMBIA)
BALTAYt SANDWE ISS ~ STONEHILL + (YALE+RNL)
F I TCH t ROTH t R USS t VERNON ( PRINCETON)
HILL ~ ROBINSON SAX ITT CANTER (BNL CARNEGIE)

0.15 0.2Scease eeeeeeese fassessee eeeeeeeee eeeeseeee sssseeeee eseeetese «eseeeee
eeeeseeee seeeeeeee eeeeeeeee seeeeeeee eeeseeest esseeee» K SHORT B.F,

Sse the illustrated key prscedlnq the data parr) l&stinl)s,

.CHRETIEN
BRD((N
.BRD(JN
.BAGLIN

0.3S 0.4S

INTO 2 PIO / TOTAL

63 HLBC
63 HLBC
61 HLBC
60 HLBC
S9 HBC

CHISQ
1 ~ 8
1.8
0.2
0.9

4 ' 7
(CDNLEss
=0, 19S)
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STABLE PARTIC LES
Data in parentheses have not been included in our averages.

R3
&3 3
R3 3
A3
P3 AVG
A3 FIT

KOS INTO (PI+ Pl )/tPIO PIO)
Dtb 2.285 O.055 GOBBI
700 2. 10 0»06 MORFIN

~ ~ ~ ~ e ~ ~ ~ ~

2 ~ 201 0 ~ 092 AVERAGE {Fr!AOA INCLUDES SCALE FACTOR OF 2 ~ 3)
2 196 0 060 VAL!JE FROM CQNSTAAIt(ED FIT

5/694
LO/69e L)EIGHTED AVERAGE = 0, 473 4 0.014

ERROR SCALED BY 0.9

R4
R4
R4
R4
A4
R4

C
R4 C

R5
R5
A5
R5
A5 S
R5 S

R6
!Lb

R7
R7
R7

I KO5 INTO Pl+ P I PIG)/t KDL INTO PI 4 PI- P IO)
CPT ASSUMED TO BE GOOD — ONLY {IM A)ee2 . QUQTEO HERE

{3 8) OR LESS ANOER SQN 65 HAC
{0' 45)OR LESS BEHR 66 HLBC
(9 0) OA LESS BEALE Y 69 HBC
{1~ 7) OR LESS WEBSER 1 69 HBC
I 0 ~ 8) OR LESS WEB!)ER 1 69 HBC

THIS IS THE COMB lt)EO RESULT OF ANDERSON 65 AND

PERCENT CL
PER CT CONF

90 PERCENT Cl
90 PERCEIVT CL
90 PERCENT CL
WESBER 1 69

KOS INTO ( MU+ MU- ) /CHARGE D I UN I TS I Qee-5)
t10 ~ 0) OR LESS BOTT-BQQE 67 OSPK

( 031)OR LESS FOETH 69 CNTR
t 1.07 l OR LESS HYA-'{S 69 OSPK

{32' 6) OR LESS STUTZKE 69 OSPK
VALVE CAlCULATED SY US, USING 2 3 INSTEAD OF 1

(P3)/tPL)
90 PER CT CONF

90 PER CT CONF
90 PER CT CONF
90 PER CT CQNF

EVENTS 90 PERC .CL

KOS INTO (E+ E-)/CHARGED
( ~ 022) OR LESS

(UNITS LOe» 5) (P4)/(PL)
FOETH 69 CNTR 90 PER CT CONF

KOS INTO (Pl+ PI- GAMMA)/(PI+ PI-) (UN. LOee-3)
27 NO RATIO GIVEN BFLLOTTL 66 HBC
LO 3 ~ 3 1~ 2 HESBER 69 HBC

(P5)/(Pl)
PG GT 50 MEV/C
PG GT 50 MEV/C

REFERENCES
12 SHORT"LIVED NEUTRAL K (498 ' JP~O- ) l*L/2

eeeey «s s 4 4 eeeeeee» eeeeeeee» f«eeee cate ee eeet «ee eeeeef ace

LO/69e
8/66

10/694
LDI694
I 0/69e

8I67
LO/69e
LO/69e
5/69e

10/6 9»

LO/69e

LD/69e
10/6 9»

'I
I

I
I

I

'FAISSNER.MELHOP
CARNEGIE
BALATZ
MISCHKE

' JOVANOVIC
CANTER
t(EISNER1
FUJII
CHANG
CAME RINI

' 'BOTT-BODE.BALDO-CEO
ALFF-STEI
CHRISTENS
BALDO"CEO
AUBERT
CAMERINI
GOOD

~ ~ ~

-O. S 0 ~ 0 0 ~ S 1.0 1.S
MASS DIFF (KOL-KDS) MKOS LIFETIME

69 ASPK
68 OSPK
68 HBC
68 OSPK
67 OSPK
66 OSPK
67 DBC
66 HBC

66 OSPK
66 HBC
66 HBC
66 OSPK
66 HLBC
66 OSPK
65 OSPK
65 HLBC
6S HLBC
62 HLBC
61 HLBC

2 ~ 0

CHISQ
0.3
1.8
0.6
0.2
0.9
0.7
0 ~ 2

.2.7
0 ~ 3
0.0
0.%

0 ~ 7
0.6

9 ~ 1
(CONLEV
=0.693)

BOLDT 58 PRL
CRAWFORD 59 PRL

1 150
2 266

E BQLDT!D 0 CALDWELL AY PAL (MIT)
CRAWFORD CRESTI 00!JGLASS!GOOD TICHO + (LRL)

SAGLIN 60 NC 18 1043
ROHFN 60 PR 119 2030
COLUMBIA 60 ROCH CONF 727

BAG{ IN ~ BLOCH»BRISSON!HENNESSY + (PARIS EP)
F!OHENy HARDY!R EYNOLDS!SUN!'{OORE+{PRINCE+BNL )
M SCHW!ARTZ + (COLUMBIA)

BROWN 61 NC 19 1155 BRQHN BRYANT ~ BURNSTEIN GLASER ~ KAOYK+ I MICH)
ANDERSON 62 CERN CONF 836 J A ANDERSON F S CRAHFQRD + ({.RL)
BERTANZA 62 PREP RINT 0105 BERTANZA y CONN QL LYy CULHICK y EI SLEA + I BNL )

(SERTANZA UNPUBL ISHEO»BUT RECERTIFIED BY AUTHORS AUGUST 66)

BROWN 63 PR 130 769
CHRET I EN 63 PR 131 2208
KAEISLER 64 PR 136 8 1074
ANDERSON 65 PRL 14 475

B{1OWN!KADYKyTAILLING!ROE + tLRL+MICHIGAN)
CHRETIFN+ {BAANDEI 5+BROWN+HARVARD+ MIT )
M KREI SLFR!0 OVERSETH ~ J CRONIN (PRINCFTON)
+CRAHFOR!GOLDEN!STFRN ~ BINFQAD + (LRL+HISC)

66 PL 21 595 ALFF-STE INREAGEA yHEUER ~ KLEINKNECHT + (CERN)
66 PR 149 1052 AUERBACH DQSBS LANDE NANNy SCIULLE+ (PENN)

SEE ALSO AUEABACH 65
66 PR 142 932 BALTAYySANDWE ISS ~ STQNEHLLL + (YALE+BNL)
66 PL 22 540 SEHR BR IS SON ~ PET I 4{)+ t EP!MILAN PAOUA ~ ORSAY)
66 NC 45A 737 +PVLLIA!RALDO-CEOLIN + (MILANAPADUA)
66 PL 23 277 BOTT-BODENHAUSENyDF. SOUARD + (CERN)
66 PR 147 939 L K I RSC4 y P SC 1!I!I OT (CQLUMB IA )
67 PL 248 194 BOTT-BODENHAUSENyDE BQUARD ~ CASSEL+ (CERN)

ALFF-STE
AUERBACH

BALTAY
REHR
BElLOTTL
BOTT- BQO
K IRSCH
BOTT-800

DONAL 0
HILL
BERLEY
FQETH
GOBS I
HYAMS
MORFIN
STVTZKE
WESBER .
HEBBER 1

68 PL 278 58
68 PR 171 1418
69 CERN 69-7 339
69 PL 308 Z82
69 PAL 22 682
69 PL 298 521
69 PRL 23 660
69 PR 177 2009
69 VCR{. 19226 THFS
69 UCRL 19396

DONALD EDHARDS NI SAR+(LIVERPOOL ~ CERN PAR IS)
HILL!ROBINSON, SAKITT + {BNLyCARNEGLE)
+YA M IN y K QFLER y MANN+ (RNL+MASS+YALF )
+HOLDER RAOEAMACHERyRUBBIA+ (AACHACEAN+TO)
GOBBI ~ GREEN yHAKEL MOFFETT ROSEN+(AOCI»ESTER)
+KOCH!POTTER ~ VON Lt NDERN!LORENZ+ CERN{ MPIM)
Mr) R F IN ~ 5 I NC LA I R {ANN AA BOR )
+ABASHIAN ~ JONES yMANTSCH!QRRy SMITH( ILLINOIS )

IS 8 A WEBBER (lAL)
HEBBEA yCRAI{FORO + (LRL)

PAPERS NOT REFFRREO TQ IN DATA CARDS

BIRGE 60 ROCH CONF 601
MULLER 60 PRL 4 418
FITCH 61 NC 22 1160
GOOD 61 PR 124 1223
CRAWFORD 62 CERN CONF 827
AUERBACH 65 PAL 14 192

.TRILLING 65 IJCRL 16473
TRILLING 65 IS UPDATED FROM

R W BIRGEyP P ELY + ( LR L+W I SCONS IN )
MULLER ~ BI RGEy FQWLERy GOOD ~ PLCC ION I+(LRL+SNL )
V FITCH ~ P PIRCUE ~ A PERKINS (PRINCE+LASL)
GOOD ~ MATSEN»MULLERyPICCIQNI + {LRL)
F S CRAWFORD (LAL)
AUERBACH!LANDE!MANNySC IULLIyUTO + (PENN)
GEORGE H TR IL L I NG ( LAL)
1965 ARGQNNE CONF y PAGE 115

«eeeee «eeeeeeee eeeeeeee» eyeeeeeeee eeeeeeeee eeeeeeee» eeeeeeeest yaeeeeee»
eeeeee eeefeeeee eeeeeeeesy eeeeeeeee eeeeeeeeay

NEUTRAL K CONSTRAINED FIT
OVERALL FIT OF L IFETIMF ~ 1{IDTHS ANO BRANCHING
RATIOS USES 52 DATA POINTS TO DETERMINE SEVEN
QUANTITITES ~ OVERALL FIT HAS CHISQ»5L»
VALUES OF BAANCy{ING RATIOS CHANGED MAINLY BE
CAUSE OF NEW yyFASURE IENT OF RLO {EVANS 69) ~

W2 AND 'W5 ARE RESPQNSI!ILE FQR THE LARGE SCAlE
FACTOR IN HIOTHS AMD LIFETIME

13 KOL LIFETIME I MICROSEC )

7 AS
T 34
T 15
7
7 1700
T
7 L
T L SUM
T
T AVG
T FIT

59 HBC
58 CC
62 FBC
64 QSPK
65 CC
67 CNTR
67 HLBC

SUMED OSeDQ
0» 081
0 ' 051
0 ' 053
0 ~ 061
0 ' 0515

{0 050)
OF PARTIAL
e ~ ~ ~ ~ ~

0 0520
0 0538

CRA WF QRO
BAADON
DARMON
FUJ I I
A ST BURY3
DEVL tN
LOHYS

0 012

PI
P2
P3
yy 4
P5
P6
P7
PB
P9
PLO
PLL

13 KDL PARTIAL DECAY MODES

KOL INTO 3P I 0
KOL INTO Pl+ Pl P IO
KOL INTO PI MU NEUTRIN{)
KOL INTO Pl E NEUTRINO
KOL INTO PI+ PI-
KOL INTO MUy MU

KOL INTO E+ E-
KOL INTO E MU

KOL INTO THO GAMMAS

KOL INTO PI+ PI- GAMMA

KOL LNTQ PIO PIO

DECAY MASSES
134+ 1 34+ 134
139+ 139+ 134
139+ 105+ 0
139+ ~ 5+ 0
139+ 139
105+ 105

~ 5+ ~ 5.5+ 105
0+ 0

139+ 139+ 0
134+ 134

13 KOL DECAY RATES

AN0 DE{ TA 1=1/2
0 ' 032 0 ' 024
0 ~ 024 De 013
0 006 8/6 7
0.OL5 8/6 7
De 0014 S/67

(0 ' 005) SEE NOTE L BELOW 8/67
DECAY RATES

~ ~ e
0 ~ 0014 0»00 13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~ 0)
0 0019 VALUE FPQM CONSTRAINED FIT

13 LONG-LIVED NEUTRAL K (498y JP=D-) I=LI2

13 KOL-KOS MASS DIFFER ENCE
(UNITS ARE INVERSE KOS LIFETIME)

WL KOL INTO PIO PID PID t UNITS Loestb SEC 1) {Pl)
WL 54 5 22 1~ 03 0 ' 84 BEHR 66 HLSC ASSUMES CP
WL ~ ~ ~ ~ e e ~ ~ ~

Wl F IT 3 99 0.20 VALUE FROM CONSTRAINED FIT

8/66

0
0
0
D C VAL
0
D

0
0 V 130
D V VIS
0

84

0 77
0 N 72
n
0 95
0
0 C 89
D 59
D ML

0 136

D
0 590
0
0
0
0
0 AVG

AL REGENERATOR
GAP METHOD
ST»STEEL REGEN
REGEN IN CU

(1 9) (0 3) FITCH 61 CNTR
0 ~ 84 0 ?9 0 21 GOOD 61 HLBC
0» 88 0»20 CAMER INI 62 HLBC SEE NOTE C BELOW

UE CHANGED FROM 1 ~ 5 (SEE TASLE 1 OF CAMERINI 66)
0 ~ 47 0» 21 AVBFRT 65 HlRC
0 26 0 ' 36 0 ' 26 BALDO-CEO 65 HLBC AS' CP CONST

0»55 0 ~ 1 CHR I 5 TENS 65 OSPK
(0»60) OR LESS F tTCH 65 QSPK CF ~ ME ISNER 66
{0 82) (0e14) VISWEVSK 65 OSPK CU ANO AL REGEN

HNEVSKY 65 NOT CORRECTED FOR INTEAFERENCE. EFFECTS
0 ' 445 0 ' 034 ALFF-STEI 66 OSPK
0 36 0 21 0 ' 31 SALDO"CEO 66 HLBC KOAN INTO HYPER'
0»4SO 0 024 BOTT-BODE 66 OSPK
0»50 0» 15 CAMEA INI 66 HBCy OBC KO+N INTO HYPER

(+ 0 ~ 54) (0 15) CANTER 66 OBC KD SCATTER IN 02
ERROR IGNORES UNCERTAINTY OF PHASE SHIFTS

0 54 0 ~ 09 0 14 CHANC 66 HBC KO+P INTO HYPER ~

0»72 0»15 FUJIL 66 QSPK I!yON REGENERATOR

(0 62) (0 16) HILL 66 OBC KO+0 INTO HYPER'
0»65 0»30 MEISNERL 66 HBC SEE NOTE Ml

+ SIGN FAYOREO ME ISNER2 66 HBC
+ 0 ' 55 Oe16 CANTER 67 OSC KO+0 INTO HYPER ~

+0 ~ 35 0 15 JOVANQVIC 66 OSPK C+URANIUM 'AEGEN

0 57 0 10 M ISCHKE 67 OSPK
0 ' 53 Oe12 BALATZ 68 OSPK
0 ' 445 0 038 CARNEGIE 68 HBC

+0 ~ 42 0 ' 04 MELHOP 68 OSPK
0»491 0»033 FAISSNER 69 ASPK

~ .~ ~ ~ ~ ~ e ~ e
0 ~ 473 0 ~ 014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

( SE E IDEOGRAM BE LO'W )

8167
8/67
6/66

6/66
7/66
8/6 7
3/6 8
6/66
8/67
9/66
8/6 7

11/66

8/67
9/66
9/66
6/6 6
9/66

11/67
11/66
11/6'7
3/68
3/68
6/6 8

10/69»

(UNITS Loeeb SEC-Ll (P2)
ANIIERSON 65 HBC
FRANZ INI 65 HBC

0 ' 27 t)EHA 66 HLBC ASSUMES CP
Hl L L 66 DBC

KOL INTO PI
18 3 26
14 1»4

136 2 ' 62
2 ~ 54

WZ

1{2
W2
W?
W2

1y2

W? AVG

W? F IT

+ Pl- PO
0 ~ 7/
0 ~ 4
0 28
0 ' 43

~ ~ ~ ~ ~
0 ' 32 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1~ 7)

5 0 ' 099 VALUE FAQM CONSTRAINED FIT
(SEE IOEOGRA" BELOW )

» ~ » ~

2 36
2»34

BI66
6/66
8/66
9/66

H4 KOL INTO CHARGED (3-BODY) {UNITS Loeeb SEC-1) (PZeP3+P4)
W4 98 15 1 1 ~ 9 AIIERBACH 66 QSPK
W4 ~ ~ ~ e ~ e ~ ~ ~

W4 F IT 14 ~ 55 0 ~ 53, VALUE FROM CONSTRAINED FIT

W5 KOL INTO LEPTONIC (K U3+KE3) {UNITS 10446 SEC-1) {P3+P4)
W5 109 9»4 1 ~ 3 FRANZ INI 6 & HBC
W5 54 1 1»3 I 9 C»OLDEN 66 HBC
W5 335 10 3 0 ~ 8 HILL 67 DAC K+N TO KO P
1{5 ~ ~ ~ ~ ~ e ~ » e
W5 AVG LD»19 0 ~ 64 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»0)
H5 F IT 12 ~ 20 0»45 VALUE FAQM CONSTRAINED FIT

W6 KQL INTQ PI MU NEUTRINO UNITS LOeeb SEC I) (P3)
W6 19 4»54 1»Z4 1 08 LQHYS 67 HLSC
W6 e ~ ~ e» e ~ ~ e
W6 F IT 4e98 0»22 VALUE FROM CONSTRAINED FIT

8/67

6!66
9/66
8/67

8/67

W3 KOL INTO PI E NEUTRINO {UNITS LOeeb SEC-1) {P4)
'W3 7 52 0 ~ 85 0 72 AUBFAT 65 HLBC DSy-DDyCP ASSUMED 8/67
W3 e ~ e e» e» ~ e
W3 F IT 7 22 0 29 VALUE FRQ!t CONSTRAINED FIT

Bee the illustrated key precediiytt the data card tistft!t)S.



PARTICLE DATA GROUP Rettieto of Particle Properties

STABLE PARTICLES

Dala in parentheses have not been included in our averages.

((EIGHTED AVERAGE = 2.36 + 0.32
ERROR SCALED BY 1.7

WEIGHTED AVERAGE = 0.688 4 0.033
ERROR SCALED BY 1.4

Values above of weighted
average, scaIe, etc. for
readers convenience. The
data were actually proc-
essed by program AHR,
which calculates its own
values of SCALE, x, and
6(x) (which are different
from the values shown here).

Values above of weighted
average, scale, etc. for
readers convenience. The
data were actually proc-
essed by program AHR,
which calculates its own
values of SCALE, x, and
5(x) (which are different
from the values shown here) ~

. . ~ . ~ . .HILL
~ ~ ~ ~ .BEHR

~ ~ ~ FRANZINI
ANDERSON

66 DBC
66 HLBC
6S HBC

6S HBC

0 2 4 6
K LONG RATE INTO PI+PI-PIO (10%%6 SEC-1)

CHISQ
0.2
0.9
S.7
1.4
8.2

(CONLEV
=0 ' 042)

~ ~ EVANS
~ BUDAGOV

'HOPKINS
HA((KINS

~ - ~ 'DEBOUARD
— ~ ADAIR

0.4 0.6 0.8 1 ~ 0 1 2
KOL INTO (PI ((U NEU) &(PI E NEU)

68 HLBC
68 HLBC
67 HBC
67 HBC
67 OSPK
64 HBC

CHISQ
1.8
0.2
2.3

1 ~ 7

6.0
(CONLEV
=0 ~ 110)

13 KDL BRANCHIMG RATIOS

KOL
24

Rl
Rl
Rl
Rl
Rl
Rl
Rl AVG
RI FIT

549
444

KOL
59
79
75
66

326
566

1729
126
180

RZ
RZ
RZ
R2
RZ
RZ
RZ
RZ
RZ
s2
R?'
RZ
RZ
R? AVG
R2 FIT

INTO ( P (0
0 24
Or 31
0 251
0 ' 277

~ ~ ~ ~ ~

0 ' 260
Or275

INTO ( P I+
0 185
Or151
Oo157
0 ' 15
Or159
Or178

(0 F 144)
0 162
0 ~ 17
O S (61
Or 157

~ ~ o o o
0 ' 1611
Or1612

PIO PID
0 08
0 ~ 06
0 ~ 014
0 021

~ ~ r r
0 F 011
0 011

)/CHARGED {P 1) /( P2+P3+P4)
ANIKINA 64 CC
KULYUKINA &6 CC
BUDAGQV 68 HLSC ORSAY MEASURE
BUDAGQV 68 HLBC ECo POLYTEC MEAS

AVERAGE (ERROR INCLUDES SCAlE FACTOR OF 1~ 0)
VALIIE FRQ~ CONSTRAINED FIT

ASTIER
ADAIR '

LUE RS
ASTBURY1
AST BURY 2
GU I DON I
HOPKINS
HAWKINS
KUL YUK I NA

HOPKINS
EVANS

R3 KOL
R3 C 251
R3 C 172
R3 C 330
R'! C THI S
R3
83 FIT

INTO (PI MU NEUTR INQ)/CHARGED
( Or 356) ( 0 ~ 07 l LUERS 64 HBC
(Oo39) {0~ 08) {0~ 10) ASTBURY1 65 CC
(Or32 l {0~ 07) KULYIJKINA 66 CC

MODE NQT MEASURED INDEPENDENTLY FRCM R2 ANO

~ ~ ~ ~ ~ ~ ~ r ~
0 ' 3423 0.0083 VALUE FRQN CONSTRAINED

( P 3) / ( P2+P 3tP 4)

F IT

PI P IO) /CHARGED ( P2) / ( P 2+P 3t P4)
0 ~ 038 61 CC
0 ' 020 64 HBC
0 ' 03 0 ' 04 64 HBC
0 ' 03 0 ' 04 65 CC
0 015 65 CC
0 ~ 017 6'5 H BC

(0 ' 004) 65 HBC SEE HOPKINS 67
0 ~ 015 6& HBC
0 03 66 CC
0 ' 005 67 HSC
0.010 69 HLSC

~ ~ o ~

0 ~ 0038 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 0037 VALUE FROM CONSTRAINED FIT

6/66
9/6 &

10/68
10/68

8/66
8/66
8/66
8/66
6/66
6/66
6/66
6/66
9/66
8/67

10/69e

7/66
9/66

Rll
Rll
Rll
Rll
Rl1
R 11

KOL INTO (NU+NU- I/CHARGED
(100 0)OR LESS
{50 0) OR LESS

{250' Ol OR LESS
(2 ' 0) OR l.ESS

(35 0) OR LESS

(UNITS 10»-6)
AN I K I NA 65 CC
ABASHIAN 66 OSPK
ALFF-STEI 6& OSPK
BOTT BODE 67 OSPK
FI7CH 67 OSPK

{P6)/(P2tP3+P4)

90 PER CT CONF
0 ~ 90 CONF r LEVEL
90 PER CT CONF

90 PER CT CONF

6/66
8/66
9/66
8/67
3/6 8

R12
R12
R12
R12
R).2

KOL INTO (PI+ P I-
(15.0)OR LESS

0 {5 0) OR LESS
1 (3' 0)OR LESS

(0 4)OR LESS

GA~MA)/TOTAL (UNITS
ANI KI NA

BELLOTTI
NFFKF. NS
THATCHER

10e» 3)
6'5 CC
66 HLBC
66 OSPK
68 OSPK

{P 10) /TOTAL
6/66

G AN K E 40-130 NV 8/67
GAN KE 120 MFV 6/66
90 P ER CT CONF 10/6 S

R13
R13
R13
R13
R13

R14
R14
R14
R14
R14

KOL INTO (E+ E-)/CHARGED
(1000~ 0)OR LESS

{&0.0) OR LESS
(200 ' 0) OR LESS
(23 ' 0) OR LESS

KQL INTO (E MU)/CHARGED
(10~ 0) OR LFSS
(1~ 0) OR LESS
(0 ~ 107)OR LsSS
(Or 08) OR LESS

(UNITS 10ee-6)
ANIKINA 6'5 CC
ABASHIAN 66 OSPK
ALFF-STEI 66 OSPK
BOTT BOOK 67 OSPK

{UNITS Ioee-4)
ANIKINA 65 CC
CARPENTER 66 OSPK
BOTT-BODE' &7 OSPK
FITCH &7 OSPK

(P7) /{P2tP 3+P4 l

90 PRC T CONF
90 PRCT CONF
90 PER CT CONF

(PS)/(P2tP3+P4)

90 PER CT CONF
90 PER CT CONF

90 PER CT CO'NF

6/66
6/66
6/66
8/67

6/66
8/66
8/6 7
3/68

KOL
97

R15
R15 0
R15 0
R15 Q

R15 Q

R15 0
R15 Q

894
1539

LOW
SEE

8/66
9/66
8/67

INTO{ E+ Pl- NEU)/( E- PI+ NEUl
(0,90) (0 lg) NEAGU 61 CC
{1~ 01) (0~ 16) LUERS 64 HBC
(0' 99) (0' 023) KULYUKINA 66 CC
{F06) {0 05) YE%HEY && OSPK

PRECISION EXPTS NOT AVERAGEOr FOR MORE PRECISE VALUE
S13D2 {SENNETT 67)

t

R4 KOL
R4 153
R4 202

500
R4
R4 AVG
R4 F IT

INTO (P I E NEUTRINO)/CHARGED
Or487 0 ' 05 LUERS 64 HBC
Or46 0.08 Oo 10 ASTBURYI 65 CC
0 ~ 51 0 06 KUL YUKI NA 66 CC

~ ~ o ~ ~ r ~ ~ o
0 ' 491 0 ' 035 AVERAGE (ERROR INCLUDES
Oo4965 0 F 0084 VALUE FROM CQNSTRAINFO

(P4)/(P2+P3+P4)

SCALE sACTOR OF 1.0)
FIT

7/66
9/6 6

R5 KOL
R5 320
R5
R5 F IT

INTO (PI E NEU)/({PI E NEU)t(PI MU NEU) )
0 ~ 415 0 ~ 120 ASTIER 61 CC

~ ~ r ~ r ~ ~ ~ \
0 5919 0.0097 VALUE FROM CONSTRAINED

(P4)/(P3+P4l

FIT

KOL INTO(Plt PI PIO)/TOTAL
II 6
R& r ~ ~ ~ ~ r ~ r r

0 1261 0 ~ 0029 VALUE FROM CONSTRAINED FIT

KOL INTO{LEPTON PI NEUTRINO)/TOTAL {P3+P4)/TOTAL

R7 ~ ~ ~ ~ ~ ~ ~ r ~
R7 F IT 0 0069 VALUE FROM CONSTRAINED FIT

GAMMA)/TOTAL (UN' IDe» 4) ( P9) /TOTAL
{0~ 6) CRIEGEE 66 OSPK
2.2 TQDOROFF 67 OSPK REPL ~ CRIEGEE66 11/68
1 ~ 6 CRONIN 1 67 OSPK

REPLACED BY TODORDFF 67
11/67
11/&8

1 ~ 3

0 6563

KOL INTO {2
(1 ~ 3)

32 6o7
33 F 4

CR IEGEE 66
~ ~ ~ o ~

2

RB
RS C
RB
RS
RB C
RB
R8 AVG

KDL
45
54

R9
R9
R9
R9
R9
R9
R9 AVG
R9 F IT

R10 KOL
R10
R lo
R10 273
R10
R10
R 10 770
R 10
R10 1309
R10
R10 AVG
R10 FIT

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

INTO (PI+ PI )/CHARGED (UNIT 10ee-3) (P5)/{P2+P3+P4)
2 ' 0 F 4 CHR ISTENS 64 OSPK ETA +- ~ lr94

0 ' 35 GALBRAITH 65 OSPK ETA + e 2 ~ 02
BASILE 66 QSPK ETA t 1 86 9/66

1 ' 993 0 ~ 080 BOTT-BODE 66 OSPK ETA + 1 935
~ o r

lr992 0 ' 073 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 ' 0)
F 001 0.063 VALUE FROM CONSTRAINED FIT

INTO (PI MU NEU)/(Pl E NEUl
0 ~ Sl 0 ' 19 ADAIR 64 HBC
Oo82 0 ~ 10 OEBDUARO 67 QSPK SEE NOTE N BELOW 11/67

6/66

Or7 0 ' 2 HAWKINS 67 HIIC
0 ~ Sl 0 F 08 HOPKINS 67 HRC

{0' 625) {Or04) BASILEl 68 OS
0 71 0505 BULAGOV 6S HLBC

PK

{0~ 71) (0 ~ 04) REILLIERE 69 HLBC
Or648 0 ~ 030 EVANS 69 HLBC 10/69»

Oo688 Dr033 AVERAGE (ERROR INClUDES SCALE FACTOR QF lo4)
Or689 Or028 VALUE FROM CONSTRAINED FIT

(SEE IDEOGRAM BELOW )

KOL INTO (Pl+ PI )/(KE3 + KMU3) {UNITS 10ee 3) (P5)/{P3tP4)
309 2 ~ 51 Or 23 DEBOUARD &7 OSPK
525 2 ' 35 Or19 FITCH &7 OS&K ETAt-rl 9lt-, 06

~ r ~ ~ o ~ o \ r
2 ~ 41 0 15 AVERAGE {ERRCR INCLUDES SCALE FACTOR OF 1 0)
2 ~ 386 Oo076 VAlUE FROM CONSTRAINED FIT

(2 GANESA) /(3 PIO) (UNITS 10se-3)
ARNOLD &8 HLRC VACUUM DECAY

0 ' 28 RANNERI 68 OSPK SEE NOTE 8
R21 8 THIS IS NEW EXPER ~ -NOT TO BE CONF ~ WITH RS OF CRONIN1 67
821 ~ r ~ r r ~ r r ~

R21 AVG 2 ~ 28 0 ~ 26 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

R20
R20
R20
R20
RZO AVG
R20 FIT

R16 KOL INTO(MU+ PI- NEU)/(MU PI+ NEU)
R16 3200 1 ~ 02 0 ~ 04 ABASHIAN 66 OSPK
R16 1044& 1 ~ 0081 0 0027 DORFAN 67 OSPK

R17 KOL INTO (PIO PIG)/TOTAL {UNITS 10ee-3)

{Pill�/TOTAL

R17 C 7 (lo2) {1~ 5) I 1 ~ 2) CRIEGEE 66 OSPK

~ Oo8R17 189 2 ' 5
R17 C CP IEGEE EXPT NOT DES IGhED TO MEASUIIF 2 P IO DECAY MODE

GAI LLARO 69 OSPK EOOs3 ~ 6+ 0 ~ 6
R17 ~ ~ ~ r ~ o r r

1 ~ 21 Or30 VALUE FRO'{ CONSTRAINED FIT

KOL INTO (3PI 0)/(PI+PI P IO)
188 2 ~ 0 0 ~ 6 ALEKSANYA 64 FBC

RIB 1010 1 ~ 80 0 13 BUDAGDV 6S HLBC
R18
R18 AVG 1 ~ 81 Ool3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~ 0)
R18 FIT 1.703 Or075 VALUE FROM CO.STRAINED FIT

R19 KOL INTO {2P IO) /( 3P I 0) ( UNITS 10ee-2 ) (P 1 1 ) / (P 1)

R19 C (I 36) (0 ~ 18)
R19 C 109 {1 89) (0 ~ 31) CRONIN 1 67 OSPK ETAOO 4 9+-0.5
R19 C

~ ~ CRONI N 2 6 7 OSPK E TAOO 3 ~ 92+-0 ~ 3
CRONIN2 IS FURTHER ANALYSIS OF CRONIN( sNQW BOTH WITHDRAW

R19 24
R19 58 0 ~ 46 0 ~ 1'1 BA R~

'
NNE 2 68 OSPK ETA00~2r3+-0 ~ 3

HD WN

R19 NQ EVENTS SEEN
0 ' 45 0 18 BUDAGOV1 68 HVl 68 HLBC ETAOOr2 2+-0.4

BARTLETT 68 QSPK SEE EDQ BELOW
('ENCE 69 OSPK ETAOO&3 7+-0 ' 5

r r \ r r ~ ~ ~ ~
Or17 AVERAGE {ERROR INCLUDES SCALC FACTOR CF lo9)

0 ' 56 0 ~ 14 VALUE FRON CONSTRAINED FIT
(SEE IDEOGRAM BELOW )

8/66
11/67

7/66

5/69st

9/66
10/68

8/67
11/67
11/68
10/68
10/69e
11/68
10/69»

&/68
6/6 8

11/68
1 1/68
11/68

See the illustrated key preceding the data card listings.



Ij6 kmvlI-'ws OP MQDERN PH&sIcs ' JANUAR& 19/0

STABLE PARTIC LES
Data in parentheses have not been ine1){ded in our averages.

l(EIGHTEO AVERAGE = 0.53 A 0.1/
ERROR SCALED BY 1.9 WEIGHTED AVERAGE = -0.75 4 0 ~ 35

ERROR SCALED BY 2.1

above of weighted
e, scale, etc. for
s convenience. The
ere actually proc-
by program AHR,
calculates its own
of SCALE, x, and

which are different
he values shown here).

CE 69 OSPK
AGOV1 6B HLBC
NER2 6B OSPK

CHISQ
6.3
0.2
0.4
6.9

fCONLEV
=0.031)0.0 0.5 1.0 1.5 2.0 2.5

KOL INTO (2PIO) i (3PIO) (UNITS 10»»»2)

0
t(S
BACH

S
GOV

UKINA
ENTER

-3 -1 1 3
COt{BINED F-iF+ USING BOTH XIA AND XIB

69 CNTR
68 OSPK
66 OSPK
69 HLBC
6B HLBC
66 CC

66 OSPK

CHISQ
r.e
2.9
O. B
3.1
6.9

0.0
21.5

{CDNLEV
=0.001)

I (ted Partial Decay Mode Branching Fractions
Diagonal elements are P.+&P.; 6P. = Q( &P.&P. )
tion coefficients = (&P &P.) /(&P. 6P.).i j I

P .1 P 2 P 3 P C

Off -diagonal elements are correla-

P 5 P 6

P 1 .215+-.007
P 2 e229 e
P 3 - 375-.486
P 5 ~ 276
P 6 e124

126+ e003
—~ 090 268+- 007- ~ 089 - ~ 552 ~ 388+-e008

~ 028 F 107 ~ 13S ~ 002+ F 000- ~ OC3 - ~ 061 -e080 -e046 00fs- F 000

IXI
IXI
IXI
IXI
I X I A VG

IHAGINAAY PART OF XI
-0 ' 2 0 ~ 6

0 02 0 ~ 08
e e e e ~ e ~ ~ e-0 ' 023 0 ' 079

(TEST OF T REVERSAL)
ABRAMS 68 OSPK MU POLARIZATION LO/69e
LONGO 69 CNTR POLe 7~2 ' 65 LL/&9e

AVERAGE (ERROR INCLUDES SCALE FACTOR PF 1 0)
FS
FS

FT
FT

LM+ LAMBDA + (L INEAR ENEIIGY DEPENDENCE OF F+ IN KO E3 DECAY)
LM+ FOR RAD CORR TO THE DALITZ PLOT OF KE3 ~ SEE GINSBERG 67~

FS/F+ . RATIO OF SCALAR TO F+ COUPLINGS (ABS~ VALUE)
{0~ 15) OR LESS KULYUKINA 67 CC 68 PERCENT COeLE LD/69e

FT/Fs RATIO OF TENSOR TO F+ COUPLINGS (ABS~ VALUE)
(LE 0) OR LESS KVLYUKINA 67 CC 68 PERCENT CO ~ LE LO/69e

Fitter( Parti tl, t)oca~ Rates
Diagonal elements are W. +&SV. ; W. =I'

t I I'. ;
moots nre correlation coefficients = (6 '.&W. )

1 W 2 W W 4

6W. .= J( & W.&W. ) ~ Off-diagonal ele-
1 1 1

/(sw. ew. ).i j'
W 6

W 1 3~ 99+- ~
W 2 ~ 553
'W 3 ~ 471
W 4 ~ 511
W 5 ~ 435

6 201

20
2 ' 35+- 10

~ 646 Ce98+- 22
~ 705 ~ 549 7 ' 22+ ~ 29
~ 622 ~ 636 ~ 686 ~ 029+-F 001

110 e 093 ~ 101 ~ 0 86 ~ 02 3+- ~ 005

+0 07
+0 15
«0 ~ 01
so ~ 01
+0F 08

0 02
+0 ~ 023

o ~ ~ e e
De0172

l.H+ 153
LM+ 577
LIII+ 762
LH+ 531
LM+ 240
LM+ 1000
LM+ 4800
LM+
LM+ AVG

e06
F 08
~ 02
~ 015
F 10

0 ' 013
0 ' 012

e e e e
Oe0070

LUEAS 64 DLTZ PLTiNC RAD CORR
FISHER 65 OSPKOLTZ PLTiNO RAD CORR
FIRESTONE 67 HBC DLTZ PLTiNO RAO CORR
KAOYK &7 HSC E PI SPEC iNO RAD COR

08 t.DWYS 67 FSC Pl SPEC ~ RAD CORR
ARONSON 68 OSPK PI SPECTRUM
BASILE 68 OSPK DLTZ PLTINO RAD COR

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)

13 NEUTRAL K ENERGY DEPENDENCE OF DALfTZ PLOT

8/67
8/67
8/&7
8/67
5/6 9e
3/6 8

MATRIX ELEMENT SQUARED 1 + G (53-50)/(MPI+ee2)

13 K02 FORM FACTORS

X18
XIS
XIS

FOR DISCUSSION OF FORM FACTORS SEE NOTE PRECEDING K+ FORI( FACTORS

X IA XIA e F-/F+ (DETERMINED FROM SPECTRA AND KMU3/KE3)
XIA
XIA , UNLESS OTHERWISE NOTEDi THE EXPER IMENTS BELOW EVALUATE
XIA XI ASSUMING THAT IT IS INDEPENDENT OF MOMENTUH TRANSFERS
XIA I ED THEY SET LMi=LM-=0 ANO REPORT THEIR RESULT AS XI AT 7~0 ~
XIA IN REALITY ~ HOWEVER ~ THEY HAVE MEASURED Xl OVER SOME
XIA REGION WHERE T IS NOT ZERO
XIA THE AVERAGE MADF. BELOW IGNORES THAT T DEPENDENCEe

XIA L 389 t+1 1 l t 0 ~ 9) t 1 3) ADAIR 64 HBC KMU3/KE3
XIA L t+0 66) (0 ~ 9) (1~ 3) LUERS 64 HBC KMU3/KE3

(0 8) CARPENTER 66 OSPK MU ~ Pl SPECTRA
X I A C1371 -0 ~ 82 0 ~0 6 CARPENTER 66 OSPK MUi PI SPECTRAeCo 8/&7
XIA C 2ND CARPENTER VALUE ALLOWS ENERGY DEP OF F+ F
X IA -0 2 1 ~ 0 1 ~ 7 KULYUKINA 66 CC MU ~ Pl SPECTRA 8/67

t 0 ~ I I BASIL EL 68 OSPK + OAL ITZ Pi OT 10/68
{0~ 3) BASIL EL 68 OSPK + KMU3/KE3 10/68

X!A 770 +De3 +0 ~ 4 BUDAGOV 68 H(. BC KM3/KE3qLM+se023 ll/68
XIA 1309 -0 22 0 ~ 30 FVANS 69 HLBC KM3/KE3iLH+~e02 LD/69e
XI A L LM+ AND LH ASSUMED TO BE ZERO - NOT AVERAGED

-Oelb 0 25 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
XIB s F-/F+ {DETERMINED FRCM MV POLARIZATION IN KMV3)
MEAS OF XI USING POLARIZATION IS LESS SENSITIVE TO FORM FACTOR
VAR I AT ION S e

GTO 1
GTO 1
GTD 2
GTO
GTO AVG

350 (0.651)
198 Oe437
446 0 ' 382

e e ~ o ~

0 F 400

(0~ 044)
De 057
De 040

~ o e e
Oe033

HOPKIhS 67 HSC
NEFKEHS 67 OSPK
BASILE2 68 OSPK

AVERAGE (ERROR INCLUDES SCALE FACTOIt OF 1,0)

LO/69e
LO/69»
10/69»

13 X re(DSs DQ AMPLITUDE /DS»DQ AMPLITUDE)

REX REAL PART OF X

REX C 152
REX 196
RFX F 109
REX 335
REX 116
REX 8
REX 12L
REX 8
ItEX 686
REX 262
REX 8
REX C
REX F
REX
REX AVG

0 06 0 18 0 44 BALDO-CE 65 HLBC K+ CHARGE EXCHNG
0 ~ 035 0e 11 0 ~ 13 AUBEAT 65 HLBC K+ CHARGE EXCHNG-0 ~ 08 0 ~ 16 Oe28 FRANZ INI 6'5 HBC PAAR P
0 ~ 17 0 ~ 10 HILL 67 DBC K+0 YIELDS KOPP
0 17 0 16 0 ~ 35 FELDMAN 67 OSPK Pf-P TO KO I.MBDA(0,03l {0 03) ~ AENNETTL 68 CNTR
Oe09 Oo07 Oe09 JAMES 6S HBC PSAA P
Oe020 0 ' 025 BENNETT 69 CNTR CHAR ASYH+ CV RE
0 09 0 14 0 16 LITTENSER 69 OSPK K+N TO KOP
0 ' 25 F 07 ~ 09 WFBSFR 69 HBC K P TO KBAR N

SENNETT 69 IS A REANALYSIS OF BENNETTL 68
BALDO-CE 65 GIVES X ANO THETAeCONVERTED SY US TO REX AND IMX
FRANZINI 65 GIVES X ANO THETA ~ FOR REX AND IMX SEE SCHMIDT 67

0 F 021 Oe036 AVERAGE (ERROR INCLUDES SCALE FACTOR OF le7l
{SEE IDEOGRAM BELOW )

11/67
11/67
1 L/67
11/6 7
L 1/&7
7/6 8

' 5/69e
LO/69s
4/6 9e

LO/&9»

11/6 7
11/67

GTO I. INEAR ENERGY DEPENDENCE (G) FOR TAU DECAYS KLONG INTO PIO Pl+Pl

8/67
5/&9»

11/694

POLARIZATION
POLAR. I Z AT ION
POL ~ To2 ~ 65

AUERBACH 66 OSPK
ABRAMS 68 OSPK

0 ' 26 LONGO &9 CNTR

2608 le2
&38 -le6

1~ 81

0 ~ 5
0 5
0 ' 50

XIS
XIB
XIS
XIB
XIS AVG

ltE
1371
137L

AXI
RXI
RXI
RXI
AXI
RXI
RXI
RXI
RXI
RXI
ltXI
RXI
RXI AVG

770
1309
2608
638

IMAGINARY PART OF X (ASSUHES M(KL)-H{KS) POSITIVE SEE 513D)IHX
~ ~ e ~ e ~ ~ \ ~

IMX C 152 -De44 0 ~ 32 0 19 BALDO-CE 65 HLBC K+ CHARGE EXCHNG
IMX 196 Oe 21 Oe 1 1 Oe 15 AUSER T 65 HLBC K+ CHARGE EXCHNG
IHX F 109 +0 ~ 24 Oe40 0 ~ 30 FRANZINI 6'5 HBC PAAR P
IHX 116 0 0 0 25 FELDHAN 67 OSPK Pl P TO KO LMBOA
IMX H 335 -0~ 20 0 ~ 10 ' HILL 67 OBC K+0 YIELDS KOPP
IMX 121 +0 ~ 22 0 ~ 37 0 29 JAMES 68 HSC PSAR P
IHX 68& Dell 0 ~ 10 0 ~ ll LITTENBER 69 OSPK K+N TO KOP
I ISX 262 Oe 0 08 WESBEA 69 HSC K-P TO KBAR N
IMX C BALDO-CE 65 GIVES X AND THETA CONVERTED BY US TO REX AND IMX
IHX F FRANZINI 65 GIVES X AND THETA FOR REX ANO IMX SEE SCHMIDT 67
IMX H FTNOTE 10 OF HILL 67 SHOULD READ SOe58i NOT -0 ~ 58 (PRIV COMM)
f MX ~ e ~ e ~ ~ ~ e ~
IMX AVG 0 ~ 099 0 ~ 047 AVERAGE tERROR INCLUDES SCALE FACTOR OF Le0)

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 ~ 0)0 ' 26-L ~ 59

AL PART OF
t+1 2l
-0% 82

Oe2
I 3e9)
{-0 4)

+Oe3
Oe22-1~ 2
le6
1 ~ 81

~ ~ e ~ ~
Oe75

XI (COMBINED XIA ANC XIB)
(0 ' 8) CARPENTER 66 OSPK

Oe6 CARPENTER 66 OSPK
1~ 0 1 ~ 7 KULYVKINA &6 CC

{0~ Ll' BASILEL 68 OSPK +
(0 ~ 3) BASIL E1 68 OSPK +
+0.4 BUDAGOV 68 H(.BC

0 ' 30 EVANS 69 HLSC
Oe5 AUERSACH 66 OSPK
0 5 ABRAM S 68 OSPK
0 ' 50 0 ' 26 LONGO 69 CNTR

0 ' 35 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ' I)
(SEE IDEOGRAH BE(,ol{

Bee the illustrated trey preceding the date card listings,

3/6 8
3/& 8
3/6 8

11/6 7
11/67
5/6 9e
4/69e

LO/69e
1I /67
11/6 7
3/68



pARTt('LR DATA QROUtL J(eoseto of Particle Proper&zes I 1'l

STABLE PARTIC LES

Data in parentheses have not been included in our averages.

L(EIGHTEO AVERAGE = 0.021 b 0.036
ERROR SCALEO BY 1.?

FOO PHASE OF ETA 00 (DEGREES)
23 ' 0 32 ' 0 CHQLLfT 69 QSPK CU REG ,4 GAMMAS 10/894

F00 FIRST QUADRANT PREFERRED GOBBI 69 OSPK 11/69a

13 ASYMMETRY PARAMETERS

DECAY 4 SYMeif TRY PAR 4METE R FOA P I+ P I- P I 0
THIS PARAMETER TESTS THE VALIDITY OF I)OTH THE DELTA-I c 1/2 RULE
ANO THE CP INVARIANCE IN KOL Pf+ PI- PIO

F 001 ~ 004 RLANPIED 68 CNTR

13 CHARGE ASYMMETRY IN LEPTONIC DECAYS (PERCENT )
SUCH ASYMMETRY VIOLATES CP ~ I 7 IS RELATED TII REAL I EPSILON) ~

lf/69a

L

L

L

L

.WEBBER

.LITTEHBER.BEHNETT

-0 4 0.0
REAL PART OF )(

0.4 0.8

JAf(ES

l
FELOrlAN

. .HILL
FRANZINI

FLAUBERT

- .BALOO-CE

69 HBC

69 OSPK
69 CHTR

68 HBC

67 OSPK
67 DBC
65 HBC
65 HLBC
65 HLBC

CHISQ
8 ~ 2
0.2
2.7
0.7

2.2

0.0

14.1
(CONLEU
=0.015)

4'1 KOL INTO (MUtpt NU)-(MU-P I+NU)/(VUtPI-NU)+(eIU-PI+NU)
A 1 10tab 0 403 0 ~ 134 OQRFAN 67 OSPK DERIVED FROM Rt& 11/6T

AFFFRENCES
13 LON!'-LIVED NEUTRAL K (498 JP 0 ) I 1/2

BAR DON
CRAWFORD
45TIER
F ITCH
GOOD
NF AGU

58 ANP 5 156
59 P Rt. 2 361
6) AIX CONF 1 227
61 NC 22 1160
61 PR 124 1223
61 PRL 6 552

M SAROONeK LANOEeL LEOERMAN (COLUMSIA+BNL)
CR AWFCLAC CR EST I OQUGlA55 ~ GOOD + (LAL)
ASTIFR BLASKOVIC RIVET SIAUD + (PARIS+EP)
V F ITCHeP PIAQUE ~ R PERKINS (PRINCETON)
GOOD ~ MATSEN ~ VULLEA PICCIONIe POWELL + (LAL )
NEAGU DKQNQV PF TRAV RQSANOVA RUSAKCV ( J INR)

AZ KOC INTO ( E+P I-NU)- ( E-P I thlU) /I E+P I-NU )+(

E-PltNU�)
42 IOaa7 0 224 0 ~ 036 RFNNETT 67 Ce(TR 11/67
AZ (0 ~ 315) (0 ~ 030) KIRK 69 CNTR PRELIMINARY fo/69a

aLea ILcaeLaeLsL ~L~L tasLeLLesLLeaLe aatLeeLeLeLL ~ LIL LtaasLeLaLtsLa sLtLeLaLasLsLILeL «aasLaaaasL aeLsL*sLILsLsL

13 Cp VIOLATION PARAMETERS

ETAt & A(KL TO PI+Pl-)/AIKS TO PI tPI- )
FTAOO ~ A(KL To PIOPIO)/4(KS TO PIOPIO)

THE MAGNITUDES OF ETAt- ANO OF ETAOO ARE OERIVEO FROM SR ~ RATIOS'
FOR THE QUANTITIES MEASURED BY TIef INO IVIDV4L EXPER IMENTS SEE LISTINGS
OF 51349 AND Sf 3RZ IETA+-) ANO OF 513R 17 AND 513R19 ( f7400) ~

FOR THE RE AOE Re 5 CONVENIENCE WE L I ST HERE THE DER I VEO QUANT IT IE 5 E TA+-
(E+-) ANO (ETAOO)aaZ eCALLED f05

CAMERINI 62 PA 128 362
DARVON 6? PL 3 57

ADAIR 64 Pl 12 67
AlEKSANY 64 DVSNA 2 102

SFE ALSO JETP 19 1019
ANIKINA 64 JETP 19 42
CHRISTEN 64 PRL 13 13S
FUJ I I 64 OUSNA 2 146
LVERS 64 PA 133 8 1276

CAMERINI FRY GAIDOS BIRGE ELY + (WISC+LRL)
J OAP MQN ~ 4 RO VSSE 7 ~ J 5 I X (PARISt'EP)

P K ADAIReL 8 LEIPUhER (YALE+SNL)
ALFKSANYANLAL IKHANYANLVARTAZARYAN+ (EREVAN)
ALEKSANYAN+ (LESEDEV+MOS ENG PHYS+EREVAN)
ANIKINA ZILURAVLEVAt (GEORG ACAO SCI+ DUShlA)
CHRISTENSONeCRONIN ~ FITCHeTURLAY (PAINCETN)
FUJI I JCVANOV ICH ~ TURKOT+ (BNL ~ MARYLAND HIT)
LUER 5 e HI TTRA ~ hl LL I 5 ~ YAMAMOTO (ANL )

EOS
EOS
FOS
F.OS
EOS
EOS
EOS
EOS
EOS

(ETAOO)aa2
58 F 06

0 2 ~

24 5~05
180 13~

133 14m 1
10 ~ 3

~ ~ ~

AVG 6 ' 4

(A(KL TO 2P IO)/A(KS TO 2PIO) )aa2 (UNITS iota-6)
fa4 4ANNEA2 68 OSPK
7~0 BARTLETT 68 OSPK
1 ~ 9 RUOAGOV1 68 HLBC
4 ~ GAILlAAO 69 CSPK
3 ~ 4 CENCF. 69 OSPK
4 5 CHOLLET 69 OSeeK CU REG e4 GAIIMAS

1 5 AVERAGE (ERROR tNCLUOES SCALE FACTOR OF 1.5)
(SEE IDEOGRAM BELOW )

10/69a
I 0/69eL
10/694
I0/694
10/694
10/694

ANI K I NA

ANDFRSON
ASTIIULIYI
ASTL(URYI
ASTSURYZ
ASTLIURY3

65 JINR P 2488
65 PRL 14 475
65 Pl 16 80
65 SEE AL 50
65 PL 1S 175
65 PI 18 178

ANIK IN A e VAR DENGAe 2HUR AVLEVA e KOTlYA+ ( QUBNA )
ANllfRSON CRAWFORD GOLOE N ~ STEAN + (LRL+W ISC)
ASTSURY ~ F INOCCHIAROeBEUSCH + (CERN+ZURICH)

PEPIN HELV ~ PHYS ~ ACTA 39 523
ASTSURY ~ MICHELINI SEUSCH + (CERN+ZURICH)
ASTSUR Ye MIC HF L IN I e SFUSCH + ( C ERNt/UR ICH)

AUAERT 65 PL 17 59 AVBEATeSEHR eCANAVAN ~ CHOUNET+ (PAP IS+ORSAY)
AUBFAT 65 SEE 4LSO LOWYS 67
SALDO-CE 65 NC 38 684 SALOO-CEOLINe CALI VANI ~ CIAMPOLILLO + t PAQVA)
CHR ISTEN 65 PR 140 8 74 CHRISTENSQN CRONIN FITCH TURLAY (PAINCETON)

(CHRI STFNSON 65 HAS I)EEN CORRECYEO FOR INTERFERENCE SY FITCH 65 FOOTNOTE)

L)EIGHTEO AVERAGE = 6.4 a 1.5
ERROR SCALEO BY 1 .5

FISHER 65 ANL 7130 83
FITCH 65 PRL 15 73
FRANZ INI 65 PR 140 8 127
GALBRAIT 65 PRL 14 383

FISHER ~ ABASH IAN ~ ABRAMSL CARPENTER+( t LL INCI S)
FITCH ~ ROTH ~ RUSS ~ VERhlON ( PR INC

ETON�)

FRANZ INI ~ KIRSCH PLANO t (COLUMBIA+RUTGERS)
GALBRA ITH ~ MANNING JONES + (4ERE+BRISTtRHEL)

GUIDONI 65 ARGONNE CONF 49 +BARNES ~ FOELSCHE ~ FERBEL ~ FIRESTO+ (SNLt YALE)
HOPKINS &5 AR('ANNE CohlF 67 H W K HCPK I NSe BACON ~ El SL ER ( VANO tRUTGERS )
Vl SHNEVS 65 PL 18 339 Vl SHNEVSKY GALANINA ~ SEMENOV + (eeOSCOW)

ABASHIAN
AI. FF-STE
AIJERBACH
AUE R 4 ACtL

AUE R BACH

SALDO-CE
BASIL E

66 BERKELEY 28
66 oL 21 595
66 PRL 17 980
66 PR 149 1052
66 SEE ALSD PRL
66 NC 45A 733
66 SALATON CONF

ABASHIANeABAAMS ~ VERHEY+ // VRBANA
ALFF STEINSERGER ~ HEUFR ~ RUSSIA + (CERN)
AUELIRACH MANN MCFAALANE ~ SCIULLI (PENN)
AUERSACH ~ DOSBS ~ LANOE ~ MANNA SC IULL I+ (PENN)

14 192
BALOO CEOLINeCAL IMANleCIAMPOLlllo+ (PADUA)
RASILF. CRONIN THEVENET + ( SACLAY )

-10
ETAOOMM2

10

HOLLET
ENCE
AILLARO
UOAGOU1

ARTLETT
ANHER2

30

69 OSPK
69 OSPK
69 OSPK
6B HLBC
6B OSPK
6B OSPK

CHISQ
0.7
5.1
2.7
0.5
1.5
1.0

11.5
(COHLEU
-"0.043)

BfHR
I(ELLOTTI
BOTT-SOD
CAMER INI
CANTER
CARPFNTE
CHANG

CR IEGEE
FI Rf STI)N
c IRE STQN
FUJI!

(FUJII
GOLDEN
Hh'WK INS

ALSO

66 PL
66 NC

66 PL
66 PR
66 PRL
66 pR.
bb PL

22 540
454 737
23 277
150 1148
17 942
142 871
23 702

66 PRL 17 150
66 eeRL 16 556
66 PRL 17 116
66 PRL 13 253
66 15 THE CORRECTED
66 BERKELEY 28
66 PL 21 238
ILL7 PR 156 1444

Rf HR ~ SR I SSQN ~ BALDO-CEOL IN ~ AUSERT t( PADUA ~ EP )
4ELLOTTI ~ PULLIA ~ BALOO-CEOLINt (MILAN ~ PAOUA)
BOTT-BQDENHAUSEN ~ OE BOUARDeCASSEL+ (CERN)
CAMER INI ~ CL INE ENGL I SH F I SCHBE I N t'WISCONSIN
tCHO FNGLELI FISK HILL t ICARNEGIE+BNL I
CAAPENTEAeABASHANLABRAMSeFISHEA ( ILLINOIS)
CHANG ~ SASSANO ~ K IKVCHI ~ DODD+ I SYRACUSE ~ SNL )

(LRL )
( YALE)
( YALE)

+FOX ~ FAAVENFELOER ~ HANSON ~ vOSCAT+ ( ILLINOIS)
F IRESTONE eK I Ve LACH ~ SANOWE ISS+ (YALE ~ SNL )
FIRESTONE ~ K I M ~ LACHeSANDWE'ISS+ ~ (YA(Ee BNL)
FUJI Ie JOVANQVICtl ~ TLIRKQTeZORN (SNL+MARYLANO)

VALUE GeIVEN BY JCVA40VICHt 66)
R ~ GOLDEN F ~ CRAWFQROeo ~ STfRN
C J 8 HAWK I NS
C J 8 HAWK I NS

E+-

E+
E+-
f. +-
E+

ETA+- c A(KL TO PI+PI-)/A(KS
45 (1 ~ 94)
54 l2 ~ 02)

(1.86)
(I ~ 935)

525 I ~ 91 ~ 06

TO Pl+PI-)
CHR I 5 TENS
GALBR A 1 TH
SASILE
BOTT- ROOF.
F ITCH

UNITS I Qaa-3
64 OSPK
65 OSPK
66 OSPK
66 OSPK
67 OSPK

fo/694
10/69LIL
10/69a
10/69a
I 0/69eL

HILL .
JCVANOVI
KULYUKIN
MEISNER1
Ieffsh!EAZ
NEFKENS
VERHEY

66 RNL 10608
66 Pal 17 1075
66 BERKELEY 28
66 PRI. 16 278
66 PRI 17 492
66 PL 19 706
66 PRL 17 669

HILL ROBINSON SAKITT CANTER+ (BNL CARNEGIE )
JOVANOVICH ~ FU Jl I TUAKOT ~ ZORN + ( SNLtMDtM IT )
KULYUK INA et STVIR ISHVf L I NEAGU ~ PETR+ ( JINA)
G W MEISNEReB 8 CR4WFOROeF CRAWFORD (LRL)
G MEISNFReS CRAWFQROeF CRA'WFORO (LRL )
NEFKENS ~ ABASHIANe 4BRAMS ~ CARPENTER+ ( ILL)
VERHEY ~ NEfKENS ~ ASASHIAN+// VRBANA

F+
F+
ft
F+
F+-
C+
f+-
F+
ft
f t-
Ft
Ft
F+
F+
F+
ct
F+-
F+
F+
F+-
f+
f+
F+-
F+

PHASE OF ETA +- I DEGREES)
OM IS KOL KOS MASS 'DIFF FRENCE IN UNITS OF INVFASE KOS LIFETIME

SEE SECTION 0 CF KOL LISTINGS fOR LATEST VALUE

65 0SPK
66 HSC
67 OSPK
67 OSPK
68 CNTR
69 CNTR
69 OSPK
69 ASPK
&9 ASPK

BE REGENF I TCH
F IRES TONE
BOTT-soDE
M ISCHKE
4ENNE TT2
4ENNf TT
SQHIL
FAISSNER
JENSEN

N

C

F
J

AVERAGE I ERROR INCLUOf 5

45 ' 0 50 ' 0
30 ' 0 45~0
70 ' 0 Zl 0 C REGEN
25 ' 0 35ao CU AEGEN

(51 ' 0) (if+0) CU RFG USES
34 ' 9 10~ 0 CU AEGEN
41 15 VACUIJM REGEN
49 ' 3 8 ' 5 CU REGEN
40.0 12.5 VACUUv REGEN

COMMENTS
8 OM DEPENDENCE OF ROHM 69 IS 5564(DM 0 454) DEG
C SENNETT 69 USES MEASUREMENT OF (Ft-) (PHIF ) OF ALFF-STEINSERGER66
C OM DEPENDENCE Of IIENNETT 69 IS 80&(DM-0. 469) DEG
F FAISSNER 69 ERROR FNI. ARGED TO INCLUDE ERROR IN AEGENERATOA PHASE
F OM DEPENDENCE OF FAISSNER 69 IS 238LIL(OII 0+478) DEG
J Dei DEPENDENCE OF JENSEN 69 IS 63&a:ON-0 ' 464) OfG
N 4ENNETT 69 I 5 4 REEVALUATION OF Sf NNETTZ 68

ERRORS FOR SENNFTT 69 ~ BOMM 69 ~ FAI SSNER 69 ~ 4ND JENSEN 69
INCLUDE ERROR PROV UNCERTAtNTY Of DM

~ t ~ ~ ~ ~ 0 ~

AVG 43~5 Sal

11/67
11/67
1'I/67
7/68
8/( 8

11/694

11/694
11/69eL

11/69a

tf/694
ff/694
ff/69a
11/694
ff/69a
11/69a

SENNE TT
BOTT-800
BOTT-SOO

ALSO
ALSO

CANTER

67 IL RL
67 PL
67 PL
66 PL
66 PL
67 PRL

19 993
248 194
248 43 8
20 212
23 277
17 942

CRONIN 1
CRONIN 2
DEBOUARO

ALSO
OEVL IN
DORF AN

FELDMAN
FILIESTON
FITCH
GINSBERG

HAWK INS
HILL
HOPK I NS
KAOYK
KULYUKIN
LQWYS
ei(SCHKE
NE FK ENS
SCHM I OT
TQOOROFF

67 PR 156 1444
67 PRL 19 668
&7 PAL 19 185
67 PAL 19 597
67 PREPR INT
67 PL 248 75
67 PRL 18 13S
67 PA 157 1233
67 eIEVI5 160(THESIS)
&7 THESI 5

67 PRL 18 25
&7 PR INC CONF( ff/67 )
67 NC 5ZA 662
65 PL 15 58
67 PRL 18 54
67 PRL 19 987
67 PR 155 1611
67 P RI. 18 176
67 PR 164 1711
67 PR 162 1570

BENNETT NYGREN ~ SAAL ~ STEINBERGER +(COLUMBIA)
BOTT-BOOENHAUSEN ~ OESOIIAROeCASSEL + (CERN)
BOTT BOOENHAUSFN Df s)OUAAO ~ OEKKERS+ (CERN)
BOTT-4DDfh!HAUSEN OFRAUAAO ~ CASSEL+ (CERN)
BOTT-BODE NHAUSEN ~ OFSOUARDeCASSEL+ (CERN)
CANTER CHQ OPALLE FNGLEA+ (CARNEGIE eBNL)

+KUNZ e P I SK ~ WHEELER (PRINCETON)
+KUNZ e P I SKe WHEELER (PRINCETON)
DEROUAAOeDEKKERS ~ JORDAN ~ ME'RVOD t fCERN)
OF BOUARO ~ OEKKERS ~ SCHAAFF+ I CERNtQASAYtsepl )
DFVL IN ~ SOLOMON SHEoARO SFALL+ .(PR INC+MARY )
DORF AN e FNST RO V ~ R AY "IOND ~ SCHW ART 2 t t SL AC+LRL )
FELOMAN FRANK EL HIGHLAND ~ SI OAN (U Of PENN)
FIRESTONE KIM LACH SANOWEISS + ( YALE SNL)
f ITCHeRQTHeRUSSeVERNON I P R INC ETON )
EDWARD 5 GINSBERG I Ue MASS BOSTON)

C J 8 HAWKINS (YALE)
HILL ~ LUERSeROBINSONeCANTER+ (BNLeCARNEGIE)
IIOPKINSe BACON ~ EI SLER (BNL)
KAOYK ~ CHAN ORI JARD OREN ~ StlELOON (LRL )
KULYUK I NA+ME STY I R I SHY I L I+NEA(IU + ( J I NR)
LOWYS ~ AURER T ~ CHOUNETe P ASCAUD+ ( EP cop SAY )
M I SCHK E e ARASH I AN e ASRAee5+ (tlltNntS)
+ASASHIANeASRAMS ~ CALIPENTEAeFISHER+ ( ILL)
P ~ SCHMIDT (COLUMBIA)
JOHN A TODOROFF (ILLINOIS)

Sae the illustrated ltey preceding the data card listings.
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STAB I E PARTIC LES
Data in parentheses have not been included in our averages.

ABRAMS
ARNOLD
ARQNSCN

ALSO
BALATZ
BANNERl
SANNER2
RARTL ETT

68 PR 176 1603
68 PL 288 56 .
68 PRL ?0 287
69 PR 1 75 1708
68 PL 268 320
68 P&L 21 1103
68 pRL 21 1107
68 PRL 21 558

175
BASILE 68 PL 268 542
BASIL EI 68 VIENNA ARS ~

SASILF2 68 PL 281 58
BENNETT1 68 PL 27R 244
RFNNETT2 68 PL ?78 248
BLANP (ED 68 oRL 21 1650
SUDAGQV 68 NC 57A 182
BUDA(iQV1 68 PL 288 21'5

CARNFCtIE 68 BAPS 13 16
JAMES 68 NP 88 365

ALSO 68 PRL 21 257
MELHOIt 68 PR 172 1613
THATCHER 68 PR 174 1674

+ABASHI AN ~ M ISCHKEt NEFKENSt SMITH+ {ILLINOIS)
ARNOLDt BUOAGOVtCUNOYt AUBERT+ (CERN+ORSAY )
5 AH ARQNSQNt KITCHEN (PRINCETON)
5 H ARGNSONt K 'W CHEhi (PRINCETON)
BALATZ t BERE Z IN t V I SHNEVSKYt GA

LANI

N�At�
(MOSCOW)

BANNER tC RONIN t LI Vt P ILCHER (PRINCETOh!)
RANNE& t CROh( I N t L I V t P ILCHER (P R I hlC ETON )
RARTLETT CARNEGIE F ITCH¹ (PRINCETON)

BASILFtCRQNINtTHEVENETtTURLAY+ (SACLAY)
SASILFt CRONINt THFVFNFTt TURLAY + {SACLAY)
+C P D N I N, T H E V E N E T ~ T U It L A Y ~ Z Y L S ER A J C H + ( SA C L A Y )
BENNETT NYGR EN ~ STE INBE RGER+ ( COLUUMBI A+CERN )
BEVNETT NY( REM STF INBERGER+ (COLUUMRI A+CERN)
SLANPIFO LE~VI T ENGELS& (CASE+HARV+MCGI )
BUDAGOV BURMF. I STER CUNDY+(CERN ORSAY PARIS)
+CUNDYt MYATT t NE ZR I CK+ (CERNtQRSAYtEP)

CARNEGIE t Fl TC H ~ KAMAE tROTH ~ RUSS+ ( PRIhCETON)
F JAMES H BR IAND {PARISt CERN)
HE LLAND ~ LONGO YCUNG (UCLA t MICH IGAhl )
sIELHOP MURTY BOWL ES teURNETT+ ( LA JOLLA)
THATCHER t ABASHIANtABRAMS ~ CARPENTER + ( ILL)

Pl
P2
P3
p4
P5
P6
P7
PB
P9
It I0
P1 1
P12
P13
P14

ETA INTO 2GAMMA
E TA INTO 3P I 0
ETA INTO P I+ Pl- P I 0
ETA Ih(TD P I+ PI- GAMMA

F. TA Ih(TO E+E-P I 0
F TA INTO E+E-P I+P I-
ETA INTO PIO 2GAM&A
ETA INTO E+E-GAMMA
FTA INTO 2P ID GAMMA

FTA INTO PI+Pl PIO GAMMA

F TA INTO P I+P I- 2GAMMA
ETA Ih!TO Mu+MU-
E TA INTO MU+Mu-GA)t)tA
ETA INTO Mu+tsu-P ID

VIOL ATES C IN E M. I ~

VIOLATES C

14 ETA DECAY RATES

14 ETA PART IAL DECAY MODES

DECAY MASSES
0+ 0

134+ 134+ 134
139+ 139+ 134
139+ 139¹ 0
134+ 5+ ~ 5
139t 139t ~ 5+
134+ 0+ 0

5+ .5+ 0
134+ 134+ 0
139+ 139+ 134+
139+ 139t 0+
10'5+ 105
105+ 105+ 0
105+ 105+ 134

~ 5

SEILL IER 69 PL 308 202
SENNEIT 69 PL 298 317
BCIHM 69 NP 89 605

ALSO 68 PL 27R 321
CENCE 69 PRL 22 17.10
CHOLLET 69 CcRN 69-7
EVANS 69 PRL 23 427
FAISSNER 69 PL 308 204

309

BE I LL I E R E ~ BOU TANG t L I MON {EPQL)
+NYGREN, SAAL, STE INBEPGER+ (COLUtBNL)
+DARRIULAT GROSSO KAFTANOV+ {CERN)
BOHR DARR IULA T GROSSO KAF TANDY (CERN)
CENCE JONFS PETERSON STENGER+ (HAWAII LRL)
+GAILLARDt JANEtRATCLI&FE ~ REPELLIN + (CERN)
EVANSt GQLOENt MUIRt PEACH+ (EDINBURGHt CERN)
+&OETH ~ STAUDE t TI TTEL+ ( AACHtCERNt TORI )

Wl
Wl

ETA INTO 2GAMMA {UNITS KEV)
{0' 93) {0' 2)

(Pl)
BEMPQRAD 67 CNTR PRIMAKOFf EFFECT 11/67

GA ILL ARO 69
ALSO 67

GOBRI 69
JENSEN 69
K IRK 69
L [TTENBE 69
LQNGO 69
WEBRER 69

ALSO 68

NC 59A 453
PRL 18 20
oRL 22 685
PRL 23 615

CERN 69-7 297
PRL 22 654
PR 181 1808
UCRL 19266-THESIS
PRL 21 498

+GALBRA I THt HUSSR I.~ JANE+ ( CER hit RUTHt AACHE 8)
+KR IENFN ~ GA( 8 RA IIHt HUSSR I+ ( CERN+R UTH+AACH )
+GREEN, HAKE(. ~ NOFFFTT RDSEN ~ COZ+ ( RCCH+RUTG )
JENSENt ARONSON ~ EHRL ICHt FRYBFRGER+( EF IN t ILL)
+MAPX, NYGRENt PEOP! ES ~ STEINBERGER (CERN)
LI TTFNPERG FIFLD PICCIONI MEHLHOP+ (USCD)
M J LON( Ci K K YOUNG J 4 HELLANO (ANNA UCLA)
S R WE 8 DER. (LRL)
WEBRER SOLMITZ CRAWFORD ALSTQNGARNJOST(LRL)

The above value for I" assumes that
YY

I /1 tots] = 3 i,4 /t, However, the results of
YY

that experiment may be stated more generally
than is given in the paper, as

PAPERS NOT REFERRED TO IN DATA CARDS

ALEXANDE
JOVANQVI
STERN
BEHR
MF STVI RI
TRILL ING
TRILLING
RUBR I A

ALSO 1
ALSO 2
ALSO 3

CRONIN

62 PRL 9 69
63 BNL CONF 42
64 PRL 12 459
65 ARGONNE CONF 59
65 J INR P 2449
65 OCR L 16473
65 IS UPDATED FROM
67 PL 248 531
66 PL 20 207
66 PL 21 595
e6 pL 73 le7
68 V IENNA CONF P ~ 28 1

G ALEXANDER S ALME(DA F CRAWFORD (LRL)
JOVANOVIC s ISCHER SURRIS + (RVL+MARYLANO)
ST"RN SINFOPO, LI('!0 ANDLItSON + ( WI SC+LRL)
BEHR BRI SSON BELLOTTI+ lEP+MILAhlO+PADOVA)
MF STVIR(SHVIL I NYAGU PETROV RUSAKOV+ (J INR)
GFQRGE H TRILLING (LIIL)
1965 ARGONVE CONF, PAGE 115
C ~ RUBRIA J ~ STEINRERGER (CERNtCOL)
ALFF-STE INBERGER HFUER KLEINKNECHT+ (CERN)
ALFF-STEINSFRGFRtHEUFRtKLEINKNECHT+ (CERN)
r. .RuseIA, J.sT F(h!BERGER (CERhl+CQL )
CRCININ RAPPQR TEUR S TALK ( PRINCETON)

I'
X YY

totalr = 0.380+ 0.083 keV

(private communication from C. Bemporad).
Thus our new value of

««¹«««««¹ «¹««««»«» ««»««¹ »«« «»'»¹«¹««¹«»»««¹¹»«
««»««« ««««««««» »«««««««» «««¹¹»»»» »¹«»«»««» ¹«»»»»»¹¹«««»«««»«

lt ETA (5 t9tJPG=O +I I=O

FQR C ~ BALTAYS REVIEW OF THE ETA MFSON SEE PROC ~ UNIV ~ OF PENN ~
77 CONF ON MESON SPECTROSCOPY (W A. BENJAMIN N Y. 1968)

14 ETA M4SS (MEV)
would give

/I„ t I
= 38.Z+Z. i&.total

M

tt

M

M

tt

M

M

Avrt

53 549 ' 0
35 546 0
91 548 ' 0

549 ' 3
148 549 0
325 '552 0

548 ' 2
250 555 ~ 0

~ ~ ~ ~

548 82

1 ~ 2
4 0
i+0
2 ' 9
0 ' 7
3 0
0 ~ 65
2 0

BASTIEN
PICKUP
ALFc
DELcouRT
FOELSCHE
KRAEMER
FOSTE R3
JAMES

62 HRC
62 HBC
62 HSC
63 CNTR
64 HBC
64 DSC
65 HRC
66 HRC

0 ~ 0 ~

0 56 AVERAGE (ERROR Ih(CLUDES SCALE FACTOR OF 1 ~ 4)
{SEE IDEOGRAM RE LOW )

7/6 6
6/66

= 4.00 + 0.22 keV

rtotal = 2.63 + 0.64 ke V.

LIEIGHTED AVERAGE = 54B.B2 + 0.56
ERROR SCALED BY 1.4 ETA DEC AY INTO NE U TRALS

JAMES
-FOSTER3
KRAEMER
FOELSCHE
DELCOURT
ALFF
PICKUP
BASTIEN

540 545 550 555 560 565

ETA MASC (MEV)

66 HBC

65 HBC

64 DBC
64 HBC

G3 CNTR
62 HBC

62 HBC

62 HBC

CHISG
9.6
0.9
1.1
0.1.

0.0
0.7

0.0
12.4

(CONLEV
=0.054

As is mell known, there are great incon-
sistencies among the various experiments
which report etas decaying into neutrals,
The controversy is over whether the mode
q ~ TT YY is =0 (as the newer experiments in-
dicate) or 20/)o (as the older experiments
indic ate d).

The discrepancies are displayed in the
ideogram below, in which all seven relevant
experiments have been converted to a com-
rnon ratio, IfVY/YY. Also upper limits, (x,
have been converted to 0 +x. The confidence
level for consistency of all seven is 4 X 40 !

14 ETA WIDTH {MEV)

4LFF
FOELS CHE
JAMES
BALTAY
JONES

lBELOW) ~

91 (10 0) OR L(r SS
148 (10.0) OR LESS

31 (12~ 0) OR LESS
{4' 0) OR LESS

( 9) OR LESS
ALSO SEE ETA DECAY RATES

62 HBC
64 HBC
hb HRC
66 DRC
bb CNTR

6/66
7/66

95 CONF LEVEL 8/67

At the time of our last edition, the top
three experiments (Buniatov, Baltay, and
Jacquet) were new and had not borne the tests
of time. Hence we were reluctant to discard
older experiments, even though the new were
inconsistent with the old. Wte merely warned
that the truth must lie somewhere in between.

See the illustrated key preceding the data card listings,



PARTlcLE DATA GRQUp Aevi' of Particle ProPerties

STABLE PARTIC LES

Data in parentheses have n{)t bees included is Dur averages.

But by now, and g fter fruitful discussion
with Charles Baltay, we feel that we should
consider all seven experiments on an a priori
equal basis, and then follow the prescription

R5
R5
R5
R5
R5
R5
R5

AVG
F IT

ETA INTO (3PIO)+ 2/3tPIO 2GAMHA)I Pl+Pl-PIO (P2t2/3P7)/P3
0 83 . 0 32 CRAHFORO 63 HBC
2»0 I 0 FOELSCHE 64 HRC
C»90 0 ' 24 FOSTE Rl 65 HRC

~ ~ ~ ~ ~ ~ ~ ~
0.91 0 ~ 19 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 Dl
I ~ 42 0 ~ 11 VAI.UE FROM CONSTRAINED FIT

7/66
7/66
7/6 6

UEI&NTEO AUE)(AGE = O. Zg. 4 t 0.%09
EF((D{( SCALED BY Z. DZ

LNISQ = 24~ CONLEU = 0.000

Rb
R6
R6
R6
R6
R6
R6
Rb

ETA

C

AVG
F IT

INTO 3P[0/2GAMPA
( ~ 90) OR MORE
0 ~ 88 0 ~ 16
1 ' I 0 ' 2

{1«06) {0 31)
~ ~ ~ » ~ ~ ~ ~ ~

0»97 0 ' 12
0»821 0 091

(P2)/(Pl)
CHRET IEN 62 PBC
BALTA Yl 67 OBC
CENCE 67 OSPK
STRUGALSK 68 HLBC CONFERENCE REPORT

AVERAGE (ERR OR INCLUDES SCALE FACTOR OF 1 ~ 0)
VALUE FROM CONSTRAINED FIT

11/67
1/6 8

11/68

BALTAYi.
BUNIATOU

~ - . JACQUET
.LiAHLIG
~ FELDI1AN
GRUNHAUS

DIC IUGND

67 OBC
67 OSPK
67 HLBC
66 DSPK
67 DSPK
66 DSPK
66 CNTI(

R7
R7
R7
R7
R7
R7

RS
RB
RB
RS
RB
RB

'RB
RB

R9
R9
R9
R9
R9

ETA INTO 2GAMMA/(PI+ Pl- PO)
1 61 0.39

401 1 72 .25
» ~ ~ ~ ~ ~ ~ ~ ~

1»69 0.21
1 ~ 66 0 13

(PI)l (P3)
FOSTE Rl 65 HSC
RAGLIN 69 HLBC

AVG
F IT

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 0)
VALUE FROM CONSTRAINED FIT

~ 9 CONF

BILEVEL

~ 9 CONF»LEVEL

ETA INTO NEUTRAL/(Pl+ PI- P IO) (P 1+P2tP7) l(P3)
280 3 ' 6 0.8 KRAEHER 64 DBC

3 ' 8 1 ~ I PAUL] 64 DRC
2»89 0 ' 56 ALFF-STEI 66 HSC

244 3 ' 6 F 6 FLATTE2 67 HSC
» ~ ~ ~ ~ ~ ~ ~ ~

AVG 3 ' 35 0 ' 35 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 0)
FIT 3 ~ 12 0 19 VA{.UE FRO M CONST RAINED F IT

ETA INTO t E+F.-P IO) /t P I+P I-PIG) IUNITS 10eet-2)' (P5) I(P3l
t 1 1) OR LESS PRICE 65 HBC

0 (0 77) OR LESS FOSTE R2 65 HBC
{~ 42) OR LESS BAGLIN1 67 HLRC

0 ( ~ 16) OR LE SS BILLING 67 HLRC

7/69et

7/66
9/66
1/68

BI67
11/67

cs
Cs
U)

cs
I

cr
cs
CI

cs

C3
cr
Ln

Cr

Cs
cr
cs

Cs

LQ

cr
C3
cs

R10
R10

Rl I
R 1 1

ETA tNTO (E+E-P I+Pl-I/TOTAL
10~ 7)OR LESS

IUN ITS [Oee-2) (P6) /TOTAL
RITTENSER 65 HRC

[P6)l tP4)ETA INTO (E+E-PltPI-)/{P[tPI-GAMH&)
1 0 ~ 026 0 ~ 026 GROSSMAN 66 HBC

6/66

6/66

ETA B.R. INTO {PIO 2GAMNA) & (2GA[triA)

14 ETA BRANCHING RATIOS

t P9) [S ASSUMED = 0 IN ALL RATIOS

Ri
Rl N

Ri N

Rl N

Rl
Rl N

RI N

a1 N

Rl N

Ri
Rl
R1 AVG
Rl F IT

ETA INTO NEUTRALS/CHARGED t P 1+P 2+P7 ) I t P3+P4 )
10 (2 5) (1 0) P I CKUP 62 HBC
53 (3 ~ 20) ( I ~ 26) BASTIEN 6? HBC

{2' 7) ( 0 ' 8) SHAPER 62 HRC

2 ' 6 »9 RUSCHBECK 63 HBC

280 (4 ' 5) { 1 ' 0) JAMES 66 HBC

THESE EXPERIMENTS HAVE NOT BEEN l)SED IH COMPUTING THE AVERAGES
AS THEY HERE UHABLF TO CLEARLY SEPARATE PARTIAL MODES I 3) ANO (4)
FROM EACH

OTHER'S

THE REPDRTE0 VALUES THUS PROBABLY CONTAIN

SOME (UNKNO'HN) FRACTION DF l(OOE ( 4) ~

2 ' 64 0 ' 23 BALTAY2 67 DSC
~ ~ ~ ~ ~ ~ ~ » ~

2 ' 64' 0 ' 22 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I 0)
2 ' 52 0 ' 15 VALUE FROM CONSTRAINED FIT

R 2 ETA INTO 2GAI(HA/CHARGED
R2 0 ' 99 0 ' 48
R? ~ » \»» ~ ~ » ~

R2 F IT 1 ~ 35 0» 10

(Pl) /{P3+P4)
CRAHFORD 63 HSC

VALUE &ROM CONSTRAINED FIT

R3 ETA INTO (PIO 2GAMMA) /NEUTRALS t PT) / t P I+F2 tPT)
R3 S (0 ' 375) (0 ' 072) DIGIUGNO 66 CNTR FRROR DOUBLED

R3 THE FRROP5 OF DIGIUGNO+ 66 HAVE SEEN INCREASED BY A FACTOR
R3 OF THOr TO TAKE INTO ACCOUNT POSSIBLE SYSTEMATIC ERRORS ~ AS

83 SUGGESTED BY THE AUTHORS ~

R3 »27 »10 GRUNHAUS 66 OSPK
R3 S (»244l t ~ 05) FELDMAN 67 OSPK
R3 5 SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE»
R3 ~ 028»044 BUN IATOV 67 OSPK
R3 ( ~ 06) OR LESS SHAPIRO 69 OSPK
R3 ~ ~ ~ ~ » ~ ~ ~ ~

R3 AVG 0 067 0 089 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 2 ~ 2)
R3 FIT 0 ~ 028 0 ~ 047 VALUE FROM CONSTRAINED FIT

R4 . ETA INTO (PI+ PI- GAMMA)l t PI+ PI- PID) {P4)/tP3)
R4 0 14 0»08 FOELSCHE
R4 H 24 (0»73) {0F 25) PAULI
R4 M THI S EXPERIMENT HAS NOT SEEN INCLUDED
R4 M IT IS NDT CLEAR THAT THEIR CLASS 8 EVENT
R4 0 ' 30 0 ' 06 CRAHFOR 0
R4 ~ 10 F 10 KRAEMER
R4 » 196 ~ 041 FOSTE R3
R4 ~ 25 035 L ITCHFI EL
R4 0»28 0 F 04 SALTAY2
R4 »»»» ~ ~ ~ » ~

R4 AVG 0 ' 238 0 ' 023 AVERAGE {ERROR INCLUOFS SCAt. E FACTOR OF 1»2)
R4 F IT 0 ~ 236s 0»021 VALUE FROM CONSTRAINED FIT

64 HBC
64 DSC

IH THE AVERAGES SINCE
5 ARE ACTUAI. L Y FROM ETAS ~

66 HRC
64 DSC
6'5 HRC
67 DBC
67 DRC

»IC

See C. Baltay, Proc. of the 1.968 Univ. of

of deleting large X experiments until the con-
fidence level rises to some reasonable value.
If we remove the Fe1dman and DiGiugno ex-
periments, X decreases from Z5 (for all
seven) to nearly zero (for the remaining five).
Accordingly we have removed these experi-
ments and used the remaining five experi-
ments in our overall fit.

7/66
6/66

11/6 7

6/66

8/6 7
8/67

11/67
9/69e

6/66
7/66
7/66
8/67

11/67

R13
'R 13
R13
R13
R13
RIB
R13
R13

. R13

ETA INTO 3PIO/NEUTRALS
S (0 F 209) (0 ' 054l
R ( ~ 29) t 10)
S ( 177) \ »0&5)
S SEE THE NOTE ON ETA DECAY INTO
R ( ~ 41) t .033)
R REDUNDANT INFOR MAT I CN FROM' THI S

» ~ ~ ~ ~ ~ ~ ~

F [T 0»438 0»040 VALUE

(P2 )/(Pl+P2+P7)
DIGIUGNO 66 CNTR ERROR DOUBLED
GRUNHAUS 66 OSPK
FEt.OMAN 67 OSPK
NEUTRALS ABOVE ~
SUNIATOV 67 OSPK
EXP ER IHENT

FROM COhSTRA[NED FIT

R14
R14
R 14.'
R14 P
R14 C
R14
R14 F IT

R15
R15
R15

816
R 16
R[6
R16 F IT

ETA INTO P 10 I 2GAHHA) /2GAMMA (P7)/(Pl)
t ~ 5) OR LESS 'HAHLIG 66 SPRK ~ 9 CONF LFVL
0»0 0»14 BALTAY1 67 ORC

{0 05) (0 ' 04) ROHA MY 67 5 P RK P 8 EL I M I NARY RE SULT
(0 ' 30) (0' 22) STRUGALSK 68 l(LSC CCNFERENCE REPORT
~ ~ » » ~ » ~

0 ' 052 0 090 VALUE FROH CONSTRAINED FIT

ETA INTO {E+E"PIO)/TOTAL (UNITS 10ee 2) tP5)/TOTAL
{0 7)OR LESS R I T TE NBER 65 HRC
{0»084)OR LESS BAZIN 68 ORC»9 CONF LEVL

»

ETA INTO 2GAMHA/(3PIO + P[0 2GAMMA) [P 1)I t P2+P7)
0 80 ~ 25 RACCI 63 CNTR

~ ~ ~ » ~ ~ ~ ~ ~

1 15 . 0 ~ 14 VALUE FROH CONSTRAINED FIT

R17
R17
R17
R17
R17

ETA INTO (PI+Pl-PID
( F 07) OR LESS
(»009)OR (.ESS
{»016)t)R LESS

{0»017)OR LESS

GAHHA)/ t P I+P I-PIO)
FLATTE 67 HSC
Prt[CE 67 HRC
8A{.TA Y2 67 DBC
ARHOL D 68 HLSC

(P [0 II IP 3)

»95 CONF LEVL
»9 CONF LEVEL

R18
R18
RIB

ETA INTO (PI+PI- 2GAMMA) I(P[tPI-P[0)
t »009)OR LESS PRICE
(»016)DR LESS BALTAY2

(F 11)/(P3)
67 HBC
67 OSC »95 CONF LEVL

R19 ETA
R19
R19
R 19 199
R19
R19 AVG
R19 F IT

INTO 3P IO/(PI+ P I- P IO) (P2) IIP31
1 ~ 3 ~ 4 67 HL SC
1.47 0.20 6S HLRC
1 ~ 50 »15 69 HLRC

~ ~ ~ ~ ~ ~ ~ ~ ~

I ~ 46 0» 13 AVCRAGE (E'RROR INC{.UOES SCALE FACTOR OF l»0)
1 37 0 12 VALUE FROM CONSTRAINFD FIT

BAGL IN2
0» 17 RUL LOCK

~ 29 BAGL IN

R20
R20
R20
R20 F IT

ETA INTO 2GAMMA/((3PID)+2/3tP[0 2GAMMA) ) '( Pl ) I ( P2t2/3P 7 l
1 ~ 10 0 ~ 5 HULLER 63 OBC

~ ~ ~ ~ ~ ~ ~ »
I ~ 17 0 ~ 12 VAL'UE FROH CONSTRAINED FIT

R21 ETA INTO NEUTRALS/TOTAL
R21 ~ 79 ~ 08
R21 ~ ~ ~ ~ ~ ~ » ~

R21 F IT 0 ' 716 0»012

RUNIATOV 67 OSPK

VALUE FROM CONSTRAINED FIT

( P 1+P2 +P 7 ) /TOTAL

R22 ETA INTO {PI IRO 20AM)IA)/TOTAL
R22 t 12) r)R LESS JACQUET 67
R22 »»» ~ ~ ~ ~ ~ »
R22 F IT 0 ' 020 0»034 VALUE FRCM CONSTRA

(P7)/TOTAL
HLRC ~ 9 CONF LEVL

INED FIT

R23
R23

R 24
R24

ETA
0

ETA

INTO MU+ MU-I TO T AL

(2 ~ I OR LESS

INTO HU+MU-P I 0/TOTAL
(5 ~ I OR LESS

(UNITS 10ee-5l (P 12)ITOTAL
HEHMANN 68 OSPK »95 CONF

BILEVEL

(UN I TS 10ee-4) (P14) ITOTA(.
HEHMANN 68 OSPK

R25
R25

ETA INTO MU+MU /2GAMMA
5»9 2 ' 2

(UN ITS 10ee 5) P( 12)/(PI)
HYAHS 69 OSPK

R12 ETA INTO 2 GAMMA/NEUTRALS ~ (P I ) /(P 1+P 2+P7 )
R12 S (0 416) t 0 ' 044) OIGIUGNO 66 CNTR ERRCR DOUBLED
R12 ~ 44 ~ 07 GRUHHAUS 66 DSPK
R12 S ( ~ 579) I'D'52) FELDMAN 67 OSPK
R12 S SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE
R12 T t0»39 l (0 ' 06) JONES 66 CNTR
a12 'T THIS RESULT FROM COMBINING CROSS-SECTIONS FROM THO DIFFERENT EXPTS ~

R12 59 ~ 033 BUH I ATOV 67 OSPK
R12 ~ » ~ ~ » ~ ~

R12 AVG 0 ~ 563 0»058 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»9)
R12 F IT 0 ~ 534 0 029 VA(. UE FROM CONSTRAINED FlT

6/66
8/67
8/67

8/6 7

11/67

6/66
8/6 7
8/67

11/67

7/66
11/67
11/67
11/68

6/66
6/6 8

7/66

8/67
8/67

11/67
9/6 8

8/67
11/6 7

8/67
9/68
7/69e

7/66

11/67

4/6 8

7/69e

Penn. Conf. on Meson Spectroscopy (W.
See the iiiustrated key Preceding the data card listings.

Benjamin, N. Y. , 1968).
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STABLE PARTIC X.ES
Data in parentheses have not been incIuded in our averages.

i"ittcd Partial Decay Mode Branching Fractions
ltdagonat cicnrcnts are P.e&P. ; 6P. = g( &P.&P, )t r t I 1
tion coefficients = (&P.&P.) /{&P. 6P.}.i j i j'

CP P 2 P 3

Off-diagonat elements are corrcia-

P 7

BACC I
8 i) 5 C H 8E C

CRAWFORD
ANO

DELCOURT
HULLER

63 PRL 11 37
63 SIENA CONF I 166
63 PRL 10 546

PRL 16 907
63 PL 7 215
63 SIENA CONF 99

BACCI ~ PENSO ~ SALVINI + (ROHE V+CNEW FRASCA I

SUSCHSECK-C ZAPP r COOPER + (V IENNA+CERN+AMS)
F S CRAWFORD ~ LLOYDrFOIILER ( LR L+ DUK E I

F S CRAWFORD L LLOYD E FOWLER (LRL+DUKE)
OELCOURTrLEFRANCOISrPEREZ Y JORB4+ (ORSAV)
IrVLLER PAULI + (LPCHE+SACLAY

IF+ROME+

INFN�)
o 1 .382+-.021
P 2 - 182 ~ 314+- 027
P 3 - ~ 167 .196 ~230+-F010
P 4 - ~ 132 - ~ 010 ~ 200 ~ 054+- ~ 005
P 7 ~ 483 ~ 693 377 ~ 127 ~ 02C+ ~ 028

PARAMETER FOR Pl+ PI- PIO (UNITS 1011 2)
2 ~ 8 BA(.TA Y 66 DSC
5 a 3 F OWLE R 66 WSC
4 ' 0 (.ARRIBE 66 HSC
1 0 CNOPS 66 OSPK
3~4 C LPWY 66 WBC

~ 5 GORHLEY3 68 ASPK
1 1 MULLER 69 OSPK

o r o ~

0 ~ 59 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 ~ 5)
( SEC IDEOGRAM BELOW )

DEC
4 1
4
4
4 10
4 I
4 36
4 10
4
A AVG

AY ASYr(METRY
351 7 ' 2
355 8~ 7
705 6r 1
665 0 ~ 3
300 5 ~ 8
BO0 I ~ 5
709 ~ 3

0 ~ J ~ ~

I' 29

t)EIGHTEO AVERAGE = 1.23 1 0.59
ERROR SCALEO BY 1.'5

MULLER
.GORMLEY3
CLPL)Y
.CHOPS
.LARRIBE
F Ot(LER
BALTAY

68 OSPK
6B S(SPK
66 HBC
66 OSPK
66 HBC

66 HBC

66 OBC

-15 -5 5 15 25

ETA IHTO PI+PI-PIO ASYMMETRY PARAMETER ' . '

CHISQ
O. B

0.2

1.0

4 ~ 5
6.4

(COHLEV
.=0.093)

AY ASYMHE TRY PA

33 2 ~

620 1 5
BOVE EXP ER IMENT

4 ~

710 2.4
620 I 5

~ ~ ~ ~ ~ ~

LE 9

RAHETE'R FOR P I+ P I- GAHHA ( UN I T S 1011-2 )
17~ CRAWFORD 66 WSC
2~5 'ROWEN 67 OSPK
IS SENSITIVE ONLY TQ UPPER 4 OF GAHHA-RAY SPECTRUH
8 ~ L ITCHF IEL 67 OBC
I GOR&LEY2 68 ASPK
2 ~ 5 r(ULLER 69 OSPK
r ~ ~

1~ 1 AVERAGE (ERROR INCLUDES SCALE F4CTOR OF Lro)

8 DEC
8
8 1
8 N 4
8
8 6
8 1

8 AVG

eteett teteteets tteetts tt ttttttts 1 settee et ~ ttttettt1 1111111st s ttttttt
ETA C-NONCON SERVING DECAY PAR AIIE TER

8/6 6
8/66
8/67
8/67
8/66
6/68
9/691

11/66
8/67

8/67
6/68
9/6 91

FOSTER1 65 PR 138 8 652
FOSTER2 65 ATHENS
FQSTER3 65 THESIS
PRICE 65 PRL 15 123
RfTTENSE 65 PRL 15 556

FOSTER r PETERS ~ PEER ~ LOEFFLER + (WISC+PURDUE)
FOSTER GOOD ~ MEEK (WISCONSIN)
HrC ~ FOSTER ( W ( SCDN SIN I

L ~ R ~ PR(CErF ~ 5~CRAWFORD (LRL )

RI TTENRERGr KALSFLE I SCW (LRL+SNL)

ALFF-STE
BALT AY
CRAWFORD
0 IG I UGNQ

GROSSHAN
GR UNHAUS

JAMES
JONES
WAHL I G

AAGL INL
BAGL IN2
SAL TAYL
BALTAY2
SEHPORAD

ANO

BILLING
BQNAHV
SUNIATOV
CENCE
FELDVAN
FLATTE
FLATTF2
JACQUET
L ITCWFIE
PRICE

66 PR 145 1072
66 PRL 16 1224
66 PRL 16
66 PAL 16 767
66 PR 146 993
66 THESIS
66 PR 142 896
66 PL 23 597
66 PRL 17 221

67 PL 248 637
67 SAPS 12 567
67 PRL 19 1495
67 PRL 19 IC98
67 PL 258 380

PR I VATE COHHUN (CAT
67 PL 258 435
67 HEIDELSERG CONF'
67 Pt. 258 560
67 PRL 19 1393
67 PRL 18 868
67 PRL 18 976
67 PR 163 1441
67 PL 258 574
67 PL 248 486
67 PRL 18 1207

ALFF-STEINSERGER r SERLEYr (COLUMBIA+RUTGERS)
+FRANZ INI ~ K fM ~ KIRSCH+(COLUHB(4+STONY BROOK)

5 CRAWFORDr L R PRICE (LRL)
(I IGIUGNO GI QRGI ~ S I LVEST R I+ ( NAP+TR ST+F RASC )
R GROSS"IAN L PRICE ~ F CRAWFORD (i.RL)
J ~ GRUNHAVS ( COLUMB IA )
F E JAMESrW L KRAYSfLL (YALE+RNL)
JQNESr B INN( Er DVANF ~ HORSEY ~ MASONr s( ICL+RUTH)
WAWLIG SWf SAT A ~ HANNE(. L I (HIT+PISA)

BA GL IN ~ BE ZA GUET ~ DEGR ANGE r+ ( E ~ POL Yr UC I
SAG'L IN ~ BEZAGUET ~ DEGRANGE ~ + ( E ~ POL Y+VC )
BALTAY ~ FRANZ I Nl ~ KIN r NE WHAN+ (COLUM+BRAND)
BALTAYr FRANZ INlr K fr( ~ NEWMAN+(COLUM+STONY SKI
BEMPOR AO ~ BR ACC I NI ~ FOA ~ LUBELSMEV+ ( P ISA r BONN )
ION
RI( LIGr BULLOCK ~ ESTEN ~ GOVAN ~ + ' (UCL ~ QXF )
BONAMYrSONDEREGGER ( SACLAY)
SUNIATQVrZAVATTINI ~ DEINETr+ (CERNrKARLS)
CENCE ~ PETERSON ~ STENGER ~ CHIU+ (HAWAII+LRL)
&ELDMAN ~ FRATlrGLEESONrHALPERN ~ + (PENN)
ST r( ~ FLATTE (LRL)
S H FLATTE AND C ~ G ~ WOHL (LRL)
JACQUET NGUYEN-KWAC BAGLIN+(EC PQLY ~ SERGEN)
L ITCWF IELOr RANGANr SEGrARr SMITH+(RUTH+SACLAY)
L ~ Rr PR ICE r F ~ 5 ~ CRAWFORD (LRL)

ARNOLD 68 PL 278 466
SAZIN 68 PRL 20 895
BULLOCK 68 PL 278 402
STRUGALS 68 VIENNA ABS ~

WEWMANN 68 PRL 20 748
112

+PATY BAGLIN ~ BINGHAM+ (STRB+HAORrEPOL+BERK)
BAZ INrGOSHAW ~ ZACWERr+ (PR INCETONrQUEENS)
+ESTEN FLEMING GOVAN HENDERSON OWEN+ (LQUC)
STRUGALSKI ~ CWUVILQ ~ IVANOVSKAJA ~ + (DUBNA)
WEWMANNr E hGEL Sr + ( HARV+CASE+ 5 LAC+CQR+MCG ILL )

BAGL IN 69 PL 298 445 BAGLINrBEZAGUETr+ (EPOL, SERKrMADRr STRB)
HYAMS 69 PL 29)( 128 . WYAMSrKOCH ~ POTTER rVON LINDERNr+ (CERNr HPIH)
SHAPIRO 69 NEVIS 174(TWESISI STEPHEN SHAPIRO (CQLU)

QUANTUH NUMBER DETERHINATIONS NQT REFERRED TO IN THE DATA CARDS

BASTIEN 62 PRL S lt4
CARMONY 62 PRL 8 L17
ROSENFEL 62 PRL 8 293

BASTIEN r SERGE rDAHt. rFERRO t UZ Zl r M I(.LER+ (LRL )
D CARr(ONYrA RQSENFELDrVAN DE WALLE (LRL)
A ROSENFELDrD CARMONYrVAN DE' WALLE (LRL)

REFERENCES ON ETA ASYMMETRY PARAMETERS

BALTAY
CNOPS
CRAWFORD
FOWLER
LARRISE
CLPWV

66 PRL L6 1224
66 PL 22 546
66 PRL 16 333
66 84PS 11 380
66 PL 23 600
66 PR 149 1044

BALTAY FRANZINI KIN ~ KIRSCH+(COLUM+STONY BKI
CNOPS ~ FINOCCHIARSr LASSALLE ~ +(CERN+ZUR+SACL )

F ~ S ~ CRAWFORD ~ L ~ R ~ PRICE (LRL)
ErCrFOWLER (DUKE)
LARRIBE ~ LEVEQUE MULLER PAULI + (SACL+RUTWI
COLUMBIAN LRLrPURDUErWfSCONSIN ~ YALE

BQWEN 67 PL 248 206
L ITCHFIE 67 PL 248 C86
GORMLEY2 68 PRL 21 399
GQRMLEV3 68 PRL 21 402
HULLER 69 THE S IS

BOWEN ~ CNOPS r FINOCCHIAROr+ (CERN+ZVR+SACL I

LITCWF IFLO ~ RANGAN ~ SEGAR ~ SHITW+(RUTW+SACLAY)
GORM( EYrHYHANrLEE ~ NASHrPEOPLESe (COLU+BNI. )
DORM(. FY ~ HYHANrLEEr NASH r PEOPLES+ (COLU+SNL )
ARMAND HULLER (STRB)

t tttttttet 11~settee eett1111t tteettttt estates ~1 tseetests eettseee

FQELSCHE 64 PR 134 8 1138 W 'W FOCLSCHE H L KRAYBILL ( YALE I

KRAEHE)t 64 PR 136 8 496 KRA'FHER MADANSKY FIELDS + (JWU+NW V+WOOD)

PAULI 64 PL 13 351 E P4UL1r4 MULLER (LPCWE+SACLAY )

16 PROTON ( 938 ~ J~ I/2) Is 1/2

16 PROTON MASS (MEV)

H. Yuta and S. Okubo [ PRL 2l, 781 (4968)] 938 ' 256 0 ' 005 COHEN .65 RVUE 7/6 6

have pointed out that an asymmetry in the de-
+ - 0cay g ~ m Tf' TT of about 2% need not imply a

breakdown of C invariance, since an asym-

metry of this amount could be caused by an

interference between the q and the 3m back-

ground. Gormley et al. t PRL 22, 108 (1969)],
however, believe that this effect can account

MM

16 PROTON MAGNET MOMENT(E/2HP)

2 ' 792763 0 ~ 000030 COHEN 65 RVUE 7/66

16 PHOTON LIFETfME (UNITS 101126 YR)

OVER 101120 YRS GOLDHABER 54 TH 232 FISS MODE INDEPEN

OVER 2 ' 0 1 10112'3 YRS FLEROV 57 TH 232 PISS

DEMODE

INDEPEN.

OV ER I 5 RACKENSTO 60 C {TR

OVER 60 0 KROPP 65 CNTR 6/6 6
KROPP AND BACKENSTOSS SENSITIVE TO PARTICULAR DECAY MODES OF PROT

OVER 200 0 GURR 67 CNTR DEP ~ ON DECAY HODE 6/68

for only ~ 0.23% in their experiment (above).
16 PROTON ELECTRIC DIPOLE MOHENT ' ( IN UN(TS OF 1011 23 E CM)

NONZERO VALUE IMPL IES VIOLATION OF 7 AND P IN EM INTERACTION

EDM 10119 700r 900r HARRISON 69 MBR 10/691

tttttt ~eeet ~ ttt 1eetttttt tet11tttt eettt ~ 111 ettttttts etettstet 11~1111~

PEVSNER 6L PRL 7 421

ALFF 62 PRL 9 322
BASTIEN 62 PRL '8 114
CHRETIEN 62 PRL 9 12/
PICKUP 62 PRL 8 329
SHAFER 62 CERN CONF 307

REFERENCES
16 PROTON ( 938' Jet/2I Irrt/2

REFERENCES
14 ETA(549r JPG~O +) Ie0

PEVSNER ~ KRAEHER ~ NUSSSAUHrRICHARDSDN + (JHU)

GOLDHABER 5C PR 96 1157 FNOTE2 M GOLDHABERrF REINES+ (LOS ALAHOSrBNL)

FLEROV 57 SOV PHYS DOK 3 78 FLEROV ~ KLDCHKOV r SKOBKIN ~ TER ENTEV ( USSR )

BACKENST 60 NC 16 749 BACKENSTOSS ~ FRAUENFELDER ~ HYAHS + (CERN)
COHEN 65 RMP 37 537 E R COKENr J W P OUMOND (NAASCsCALTECH)

KROPP 65 PR 137 8 740 W R KROPP F REINES (CASE INST TECHNOLOGY)

GURR 67 PR 158 1321 GURR ~ KROPPr RE INES ~ MEYER (CASE JOHANNESBURG&

HARRISON 69 PRL 22 1263 HARRISON SANDARS WRIGHT (CLARENDON OXFORD)

ALFF ~ BERLEY ~ CQLLEY ~ SRUGGER + '(CCLsRVTGERS I
BASTIEN ~ SERGErOAHLrFERRO LUZZI + (LRL)
CWRETIEN+ (BRAND+BROWN+HARVARD+HIT+PADOVA)
E PICKUP ~ ROBINSON ~ SALANT (NRC+CAN+SNL I
J' SHAPER ~ FERRO LUZZfrHURRAY + (UC+LRL'I

See the i((ttstrsted hey preceding the date card listings.

1111~ 11tttetet ~111111t~ 111111ttt 111111111tttttttte 1111111111t111111
settee eeeeeteee eeeeeeeet eeeetteee eeeeeeeee eeeeeetee eteeteeee eeeeeeee
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STABLE PARTIC LES
Data in parentheses have not been inelgded in our averages.

0
0
0
D AVG
0 FIT

MH

17 NEUTRON (939» Js(/2) ls(/2

17 NEUTRON-PROTON HASS DIF ~ (MEV)

I F 2939
I ~ 2933

0 F 0004
0 ~ OOOL

SONDELID 60 CNTR
5ALGO 64 CNTR

~ ~ ~ ~ e e e ~ e
I 2933 0»0001

1.2923 oe 0001
AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)

VALUE FROM CONSTRAINED FIT

17 NEUTRON MAGNETIC HOlsENT t HAGNETONS 938 2 HEV 1

-le913148 oe000066 COHEN 56 RVUE

17 NEUTRON ELECTRIC DIPOLE MOMENT { IN UNITS OF LotIII 23 E CH)
TEST OF C VIOLATION IN THE EM INTERACTION

7/66

WEIGHTED AUERAGE = 1115.544 A 0.075
ERROR SCALED BY 1.4

ove of weighted
scale, etc. for
onvenience. The
actually proc-

program AHR,
culates its own
SCALE, x, and
h are different
values shown here).

FOM le ) OR LESS BAIRD 69 HSR.

17 hEUTRON L IF ETIHE (UNITS 10113 SEC)

THE MEASUREHEHT OF THE NFUTRON LIFETIME AY SOSNOVSKII 59 HAS
SEEN DISCARDED SINCE 1 IT DISAGREES WITH THE BETTER AND MORE
RECENT RESULT OF CHRISTENSEN 67 ~ 2 THE VALUE OF GA/GV DE

~RIVED FROM THE NEW VALUE OF THE L IFETIHE AGREES WELL WITH THE
GA/GV VALUE OBTAINED FROM THE FREE NEUTRON

QATAR' 10/691

T

K

1115.0 1115.4 1115-8 1116.2
LAMBDA MASS (MEU)

1.5
0.8
3.9

(CONLEU
=0.142)

.CHISQ
67 EMUL 1.6
66 HBC

65 HBC

63 RIJUE

7 (L 012) (0 021) SOSNDVSKI 59 PILE SEE NOTE E 7/6 8
E ERROR CHANGED BECAUSE ERROR IN CROSS SECTlON FOR NEUTRON ABSORPTION
E IN GOLD HAS SEEN REDUCED

T 0 ~ 932 0 ~ 014 CHR ISTENS 67 PILE 3/68
18 LAMBDA LIFETIME (UNITS 1011-101

AV

AV 8
AV

AV
AV 8
AV C
AV 0
AV
AV AVG

F
C

F- C
F 5
F 5

COHEN 56 PR 104 283
SOSNOVSK 59 JETP 9 717
SONOELIO 60 PR 120 887
SALGO 64 NP 53 C57

V W COHEN ~ CORNGOLD» RAHSEY (SNL+HARVARD)
SOSNOVSKII ~ SP IVAK ~ PROKOFEV + t (AE HOSCOWl
BONDELID' SUTLER KENNEDY + (USNRL+CATH UNIV)
R SALGOr ST AU 8 ~ it INKLER r ZAMSONI t ZUR ICH)

17 SETA DECAY COUPLING CONSTANTS

GA/GV (SEE TEXT FOR SIGN CONVENTION)
{-1~ 181 {0~ 02) tlHALLA 66 RVUE
-1»250 0 ' 044 CONFORTO 67 RVUE SEE NOTE C BELOW

1 ~ 23 0 F 01 CHR ISTENS 67 CNTR SEE NOTE 0 BELOW
THIS VALUE NOT USED SINCE CORRESPONDING LIFETIME HAS BFEN DISCAROE

CCNFORTO VALUE COMBINES ALL FREE NEUTROhl DECAY DATA

CHRISTENSON MEASUREHENT NOT SENSITIVE TO SIGN OF GA/GV
~ ~ ~ e ~ ~ ~ ~ e

-1 2310 0 0098 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I 0)

PHASE ANGLE OF GA RELATIVE TO GV {DEGREES)
VALUE DERIVEO FROM FREE NEUTRON DECAY ONLY

{176 1) {6e4) CONFORTO 67 RVUE
I 178~ 7) ( 1 ~ 31 EROZOLIHS 68 CNTR POLAR ~ METRON

ONLY STATISTICAL ERROR {)UOTED

1111111111111111ettttttet ettttt tet 1111111111~ 11111111sttttt1
REFERENCES
17 NEUTRON {939»Js(/2) Isl/2

11/67

11/68

11/6 8
lo/6'lt

LBB
825
140
18e
799

-2739
706
794

2260
1378
635

2534
916

5 1147
5 972

2213
585

T
T
T
T
7
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T G 8342

2eOO
T 5
T G
T
T AVG

2 ~ &3
2 ' 72
F 72
2 AD &0

2 69
2 ' 36
2 ~ 76
2 ~ 59
2 ~ 3L
2» 59
2 ~ 51
2»b
2e 35

(2 50) {
(2 ~ 70) (

2» 457.
2 AD &8

2 F 44
2»55

t2»5351 {
2 ' 47

ERROII PURELY
TEMPORARELY
~ ~ ~ ~ ~ ~

2 ~ 514

0 21 0 ~ 21
0 ~ 16 0 ~ 16
0 ~ 79 0 ~ 27
0 ~ 28 0 ~ 20
0»11 0 ~ Ll
o.ob o.oe
0 F 20
0 ~ 09
0 ~ 16
0 ~ 07
0 ~ 16
0 1
oe 09
0»141
0»201
0 ~ 056 0 ~ 054
0 AD (3 0 ~ Ll
0» L5
oe 15
oe035)
0»08

STAT I ST ICAL
NOT AVERAGED SINCE ERRORS
~ e ~

0 030 0 ~ 029. AVERAGE
{SEE IDEOGRAH BELOW 1

58 CC
59 HBC
60 CC
62 HBC
62 HBC
d3 HEBC
63 HLRC
64 HBC
64 OSPK
64 HBC
65 HSC
65 OSPK
66 HLSC
be rISC
66 HBC
66 HRC
67 OSPK
67 HSC
67 HBC
68 HBC
68 HRC

6/6d
be9 PSAR P '1/67
6 ~ 9 PBAR Pr ANTI 9/67

9/66
8/6 7

2 ~ 4 PBAR P 6/68
2 ~ 4 PIIAR P ~ ANT IL el&8

6/68
8/68

ARE ONLY STAT(STICAL 11/68

{ERROR INCLUDES SCALE FACTOR OF 1~ 31

BHALLA 66 PL 19 691 C P SHALLA (ALABAMA)
CHRISTEN 67 PL 268 Ll +NIELSENrSAHNSEN BROWN RUSTAD(RISO DENMARK)
CONFORTO 67 ACTA PHYS ACAD

HUhGAR (CA 22 15 Ge CCNFORTO (CERN)
EROZOLI)I 68 PL 278 557 EROZOLIMSKY ~ BONDARENKO + (KURC IN HOSCOW)
BAIRD 69 PR 179 1285 +MILLER ~ DRESS»RAMSF Y (ORNL»HARVl

PAPERS NOT REFERRED TO IN DATA CARDS

JACKSEN 57 O'R 106 517
COHEN 65 RMP 37 537

JACKSON ~ TRE I MAN ~ WYLO (PRINCETON)
E R COHEN ~ DUMONO (NAASC+CAL INST TECH)

M'

M

sl

N SINCE OUR FINAL VALUES FOR THE SIGMA ANO LAMBDA HASSES CONE FROH
N DOING AN OVERALL F IT TO ALL MEASURED MASSES AND MASS DIFFERENCES ~

N IIE HAVE USED THE UNCORRELATEO MEASUREMENTS FROM SCHMIDT 65 RATHER
N THA4 THE ONES COMING FROM THE OVERALL F IT REPORTED IN THAT PAPER»
N SINCE THERE SEEHS TO SE h'0 CONVINCING ARGI)MENT AS TO WHY ONE SHOULD
4 IGNORE DATA USING RANGE MEASUREMENTS» hE HAVE INCLUDEO HERE VALUES
N DEPENDING ON PROTON ANO PION RANGES ~

M

M

H

H 5
H

5 1
H 5
H

H

H

M 5
II

AVG
F IT

1115' 4C 0 ~ 12 SHOWN(K 63 RVUE + SEE. NOTE L BELOW
ABOVE LAMBDA MASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 46 KEV
{4CREASE IN PROTON MASS AND 11 KEV DECREASE fN CHARGED PION MASS»
635(1115 861 (0 09) IIALTAY 65 HSC ERROR IS STAT 15~

488 1115 AD &3 0 F 07 SCHHIOT 65 HBC SEF. NOTE N

147(1115~ 741 (0 ~ 04) CHIEN 66 HBC 6»9 PSAR P
972( 1115' 69) ( 0 ~ 05) CHIEN 66 4BC de9 PBAR PANTIL

1115~ 6 0 ~ 4 LONDON e6 HBC
{ll 16~ ol I 0 ~ 21 SAOIER 67 HSC 2»4 PSAR P ~ LLBAR

195 L115 39 0.12 HAYEUR 67 EMUL
FRROR PURELY STATISTICAL

~ ~ ~ ~ ~ ~ ~ ~
1115»544 0»075 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1»4)
1115' 60 0 F 08 VAI. UE FROH CONSTRAINED FIT

(SEE IDEOGRAM SELOit )

1111 11ttttttt 111111111ttttttttt 11111111111111111111111'111111111111
111111111111111ttttt1111 11111111111111111111111111111111111111111111

18 LAHBOA I 1115)JP&L/2+) Iso

18 LAMBDA HASS (HEV 1

6/66
6/6 8
9/6 7.
9/6 7
6/66
8/67

11/6 7

6/68

DT

WEIGHTED RUERAGE = 0.3978 b 0.0047
ERROR SCALED BY 1.3

'HEPP 68
BADIER 67

' ' 'BADIER 67
AUERBACH 67
ENGELMANN SS
BURAN 66
HILL 65
BALTRY 65
SCHWARTZ 64
KREIS LER 64
HUBBARD 84
CHRET IEN 63
BLOCK 63
HUMPHREY
CHANG 62
BOWEh{ 60
CRAWFORD 59
BDLDT 58

0 ~ 40 045 Oso O55
LAMBDA DECRY RRTE (UNITS 10MH10 SEC -1)

CHISQ
0.3
0.1
0.2
2.2
1.2
2.9
0.8
0.0
1 ~ 2
3.5
0.8
1.8
5.8
2.90.1
0.61.9
0.3

26.7
CONLEV
=0.082)

HBC
HBC
HBC
OSPK
HBC
HLBC
DSPK
HBC
HBC
OSPK
HBC
HLBC
HEBC
HBC
HBC
CC
HBC
CC

0»044 0 ~ 085 BAOIER 67 HBC 2 ~ 4 PBAR P

18 LAMBDA MAGNETIC MOMENT (HAGNETONS ~ 938' 26 MEV)

I 8 L IFET IHE D IFFER ENCE ~ I LAMBDA-ANT I LAHDA) /AVERAGE

8/d 7.

DM

DH

DM

OM AVG

HM

MM

8553
8/67 MM 151

MM

MM

MH AVG

0 ~ 5
0 6
0»72
0 28
0 ~ 27

~ ~ ~ ~ ~

oe20 AVERAGE (ESIROR INCLUDES SCALE FACTOR OF 1 21
{SEE IDEOGRAM BELOil )

l»5
0 ~ 0
LE 39

-0» 5-0 ~ 77
~ ~ ~ ~

0»73

18 LAMDA ANTILAHSOA MASS DIFFERENCE (HEV)
0 ~ 05 0 ~ 06 CHIEN 66 HSC d»9 PBAR P

~ 0»29 0 15 SADIER d7 HBC 2e4 PSAR P
~ e ~ ~ ~ ~ ~ e

0 ~ 083 0 ~ 083 AVERAGE (ERROR INCLUDES SCALE FACTOR DF le5)
9/66

See the illustrated key preceding the data card listings.
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STABLE PARTIC LES

Data in parentheses have .not been included in our ave rages.

WEIGHTED AVERAGE = -0.73 + 0.20
ERROR SCALED BY 1.2

R4
R4
R4
a4
R4
R4
R4
a4
R4 AVG

LAMBDA INTO {
1 {0 2)
1 {1,0)
2 {1' 0)

BETWEEN 1 3
3 I ~ 3
2 I ~ 5

e ~ e ~ ~

1 ~ 35

P. MU- NEU)/TOTAL (UNITS
OR GREATER GOOD
OR I.E 55 A(. STOW
OR LESS KERNAN
AND 6 ' 0 LIND

0 ~ 7 L INO
1 ' 2 RONNE

~ ~ ~ e
0 ~ 60 AVERAGE (ERROR

10tt-4)
62 HBC
63 HRC

FSC
64 HIIC
64 RVUE
64 FSC

{P3l/t PltP2)

INCLUDES SCALE FACTOR OF 1 ~ 0)

7/66

18 LAMBDA DECAY PARAMETERS

A- AL PHA
A 115&
A
A- 10130
A- H 2529
A 3520
A

A- AVG

LAMBDA-
Oe62

(0' 663)
Or&45

( Or 747)
Oe67

~ e ~ e
0 ' 645

{LAMBDA
0 ' 07

(0 ' 022)
0 F 017

(0 F 086)
0 ' 06

e r ~ e
0 ' 016

INTO PI- PROTON)
CRONI h
SCR GE
OVE RSETH
ssERRf LL
DAUBER

63 CNTR LAMBDA FROM PI P
66 RVVE INCLUDES ABOVE
67 OSPK LAsIBDA FROM PI-P
68 HSC REPL SY DAUBER 68
69 HSC FROS{ Xf DECAY

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)

8/6 7
9/6 6
8/6 7
6/6 8
6/6 8

-3 -2 -1 0
LAMBDA MAGNETIC MOMENT

. .HILL 65
.CHARRIERE 65
ANDERSON 64

~ -KERNAN 63
L 62

OSPK
EMUL

HBC
CC

OSPK

CHISQ
0.0
0.7
0.8
1.5
2.4
5.4

(COHLEV
=0.250)

PHI ANGLE (5
156 13rD
130 8 ~ 0

7377 (-9e2)
6 ' 7

o ~ e ~ ~
6e3

F
I

F- 10
F
F
F
F AVG

IN(PHI)/COS(PHI ) ~ BETA/GAisMA) (DEGRESS)
17~ 0 CRONIN &3 CSPK LAHBDA FROH Pl-P

6 ' 0 OVERSETH 67 OSPK LAMBDA FROM PI-P
(5 F 2) CLELAhD 67 OSPK REP RY ANOERSSON
4 5 ANOERSSON 68 OSPK

e r e ~
3~ 5 AVERAGF. (ERROR INCLUOE5 SCALE FACTOR CF 1 ~ 0)

AL
AL

ASYMMETRY PARAMETER IN ELECTRON LAMBDASP IN CORRELATION
Oo06 0 ' 19 tlARLOis 65 OSPK

AO ALPHAO /ALPHA FOR LAMBDA {L INTO PIO N/L INTO Pf P)
AO I ~ 10 0 ~ 27 CDIIK 60 CNTR

11/6 7
11/6 7
11/68
11/6 8

T/66

Pl
P2
P3
P4

18 LAHBOA PARTIAL DECAY PODES

LAMBDA INTO PROTON PI-
LAsIBDA INTO NEUTRON P ID
LAlrSDA INTO PROTON MU- NEUTRINO
LAMBDA INTO PROTON E- NEUTRINO

DECAY MASSES
938+ 139
939+ 134
938+ 105+ 0
938+ ~ 5+ 0

1S LAMBDA BRANCHING RAT {05

PI )/((P
0 031
0 ' 05

(0 ~ 017)
Oe016

R 1 LAMBDA INTO (P
Rl 0 627
Rl 0 ' 65
Rl U {0 ~ 685 l
Rl 903 0 ' &43
Rl ~ ~ \ r ~

a I AVG 0 ~ 640
Rl F IT 0 ~ 653

e r e
0 ' 014
Or013

Pf-)+{M PIDI) {Pl)/(PltP2)
CRAWFORD 59 HBC
COLUM 8 I A 60 HSC
ANOER SON 67. HI{C
HUMPHRE Y 62 HBC

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
VALUE FROM CONSTRAINED FIT

R2 LAMBDA INTO (N PIO)/({P
R2 0 ' 23 0 ' 09
R2 Oe43 Oe 14
R2 0.28 D. ae
R2 0 ' 35 0 ' 05
a2 75 0 ' 291 Oe034
R? e e e ~ e ~ r e e
R2 AVG 0 ' 304 0 ' 025
R2 FIT 0.347 0 013

PI it(N P(0))
E ISLE R

CRAMF CRO
SAGLI N

AROMN

CHRET IEN

(P2)/(Pl+P2)
57 HLBC
59 HBC
60 HLBC
63 HLRC
63 HLSC

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
VALUE FROM CONSTRAINED FIT

R3 LAMBDA INTO {P
R3 0 15 t2 ~ Dl
R3 0 8 (2 9)
R3 150 0 ' 82
a3 ?0 I ~ 55
R3 102 0 F 78
P3 143 Oe80
R3 ~ ~ ~ ~ ~ ~
R3 AVG 0 821

E- NEU)/TOTAL (UNITS 10tt-3) tP4)/(PltP2)
{Oe5) HUMPHREY 61 RVUE
{I ~ 5) I I 2) AUBERT 62 FBC
0 ~ 12 0 ~ 13 ELY 63 FBC
0 ' 34 LINO 64 HBC
0 ' 12 BAGLIN &4 FISC
0 F 08 NALONEY 69 HSC
~ ~ ~

0 ~ 073 AVERAGE {ERROR INCLUDES SCALE FACTOR OF le3)
{SEE IDEOGRAM I)ELOW l

10/6 9III

BAGL IN 60 NC 18 1043
SOWEN 60 PR 119 2030
CORK 60 PR 120 1000
COLUMBIA 60 ROCH CONF 726
HUMPHREY 61 PRL 6 478

BAGLIN BLOCH BRISSON HENNESSY + (PARIS-EP)
ROWENi HARDY ~ REYNOLDS ~ SUN + (PRINCETON)
{:ORK KERTH WENZEL CRONIN COOL (LRL+I'RtBNL l
M 5CHWARTZ t (COLUMBIA)
HVi{PHREY ~ KIRZ ~ ROSENFELO ~ RHEE + (LRt.+SYPAC)

ANDERSON
AUBERT
CHANG
CCCL
GOOD
HUMPHREY

ALSTON
BHOMM IK
BLOCK
BROWN
CHRET IEN
CRONIN
ELY
KERNAN

62 CERN CONF 832
62 NC 25 479
62 THESIS DUKE
62 PR 127 2223
e2 PR(. 9 s18
62 PR 127 1305

63 t)CRL 10926
63 NC 28 1494
63 PR 130 766
63 PR 130 769
63 PR 131 2208
63 PR 129 1795
63 PR 131 868
63 PR 129 870

ANDERSON' CRAWFORDoGOLDENtLLOYO t tLRL)
AUSERT BRISSON ~ HENNESSY SIX + tPARIS-EP)
CHVEN CHUFN CHANG (DUKE)
COOLiHILLrHARSHALL + {BNLtHIT+NYU+ANL)
H L GOOOiV G LIMO (MISCONS IN)
W E HU&PHREYrR R ROSS {LRL)

ALSTDNiKIRZ ~ NEUFELOoSOLHITZiWOHLHVT {LRL)
8 BHOWH I K ~ 0 P GOYAL {DELHI )
BLOCK ~ GESSAROLI ~ RATT'f ~ KIKUCHI + {NM+BLGNAl
SRO'M4 ~ KAOYK TRILLING RCE + (LRL+NICHIGAN)
CHRETIENrCRDUCHt (BRAND+BROWN+HARVARD+HIT)
J it CRONIN, O E OVERSETH (PRINCETON)
ELY ~ GIOAL ~ KALMUS ~ DSMALOrPOWELL t {LRL)
KERNANiNOVEYi WARSHAW ~ 'MATTENBERG (ANL+ILL)

AV GA/GV FOR LAMBDA BETA DECAY {SEE TEXT FOR SIGN CONVENTION)
AV C 22 ( 1 ' 03) LIND 64 HRC
AV C 102 ABS VALUE GREATER THAN Or6 BAGLIh 65 HLBC
AV C BETM 0 ~ ANO -I ~ 1 BARLOM 65 OSPK
AV C 102 ASS VALUE GREATER THAN 0 7 ELY 65 HLBC 95 PCT CONF LEV
AV I ~ 14 0 ~ 23 Oe33 CONFORTC 65 RVUE
AV C EXPTS INCLUOEO IN CCNFORTO 65 ' RVUE
AV 30 { De23l {0 ' 20) ( Oe33) CHU 68 OSPK PRELIMINARY
AV H 148 0 ~ 72 0 14 Oe 19 MALONEY 69 HSC
AV M HALONEY 69 MEASURES THF ABSOLUTE VALUE OF A/V
AV ~ ~ e ~ ~ ~ ~

AV AVG De83 0 ~ 18 AVERAGC (ERROR INCLUDES SCALE FACTO(t CF 1~ 3)
tettte ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttt

REFERENCES
18 LAMBDA (1115~ JP=1/2t) I~O

EISLER 57 NC 5 1700 EISLER rPLANOi SAMIDSrSCHMARTZ + {COLVH+SNL)
itOLDT 58 PRL 1 148 E i)OLDT ~ D O CALOMELL Y PAL {HIT)
CRAWFCRO 59 PRL 2 266 CRAWFORO ~ CRESTI ~ DOUGLASS ~ GOOD + {LRL)

6/6 8
&/68
6/6 8
6/68

11/67
6/68

11/68
10/69t

WEIGHTED AVERAGE = O. B21 b 0.073
ERROR SCALED BY 1 ' 3 ANDERSON

SAGL Ih
HUBBARD
KERNAN
KREISLER
LIMO
RONNE
SCHMARTZ

BAGL IN
ttAL TAY
BARLOM
CHARR IER

ALSO
CCNFORTO
ELY
HI LL
SCHHI OI'

64 PRL 13 167
64 NC 35 977
64 PR 135 8 183
64 PR 133 8 1271
64 PR 136 8 1074
64 PR 135 8 1483
64 PL 11 357
64 UCRL 11360 THESIS

65 NC 35 977
65 PR 140 8 1077
es pt. 18 e4
65 PL 15 66

NC 46A 205
65 EC INT HERZEGNOVI
6'5 PR 137 81302
&5 PRL 15 85
65 Pi{ 140 8 1328

J A ANOERSONiF 5 CRAWFORD (LRL)
SA GL IN ~ 8 gNWAMt {8 P+CF RN+UC LONO+RHEL+BERG)
HUSBAIID ~ SERGE ~ KALSFLE I SCH SHAFNR + {LRL)
KERNAN POWELL tSANDLER + ILRL+UN COLL-t. ONOl

N KREISLFR ~ C OVERSETH ~ J CRONIN {PRINCEl
L I NOi 8 I NFORO ~ GOOD ~ STFRN {M ISCONSIs{ )
RDNNEt {CERNtEPtUCOL-LONDCNtUNI V BERGEN)
JOSEPH ADAM SCHWARTZ t LR(. )

BAGLIN + (EP CERN UC LONDON RUTH BERGEN)
BALTAY SANDWE ISSrCULWICKiKOPP + t YALE+BNL)
J BARLOW ~ BLAIR CCNFORTOt (CERN+RUTH+PENNA)
CHARR I ERE ~ GIBSON+ {EPUL+BRI ST+CERNtMPI )
CHAPRIERE ~ GIBSON + (EPU(. ~ BRIST ~ CERNo HPI)
G CONFORTO (CERN)
ELY GIDAL ~ KALMUStPOMELL + {1RL UC LONDON)
D A HILL sK K t. l ~ JERKINS {BNL+MIT I
P SCHMIDT (COLUIISIA)

. ~ . .MALOHEY
. -BAGLIN

LIND
. .ELY

D .'0 0 .s 1.0 1 .5 2 .0 2 .5

LAMBDA B.F. INTO P E- NEUTRINO

69 HBC

64 FBC
64 HBC
63 FBC

CHISQ
0.1
0.1
4.6
0.0
4 ~ B

(CONLEV
=0.1BB)

AUERSACH
BAD I ER
HAYEUR
CLELAND
OVERSETH

67 NC 4TA 19
67 PL 258 152
67 U ~ LISR ~ BRUX ~ SUL32
67 Pt. 268 4s
67 PRL 19 391

ANDERSSO
CHU

GRIMM
HEPP
HERR ILL
DAUBER
MALONEY

68 VIENNA ABSr 270
68 VIENNA POSTDEAOLN
68. NC S4A 187
68 ZPHYS 214 71
68 PR 167 1202
69 PR 179 1262
69 PRL 23 425

PAPERS

SERGE 66 BERKELEY 46
SVRAN 66 PL 20 318
CHIEN 66 PR 152 1171
ENGELNAN 66 NC 45A 1038
LONDON 66 PR 143 1034

BERGEr CAB II(80 tRVUE)
BURA' EIVINOSONtSKJEGGESTAOtTOFTE + (OSLO)
+LACHySANOWEISS ~ TAFT YEH OREN + {YA{.E+SNL)
ENGELNANN FILTHUTH ~ ALEXANOER+{HEIDBG+MFIZM)
LONDON ~ RAUiGOLOSERG ~ LICHTMAN+ (SNL+SYRACUS)

AUERBACH ~ BOW'EN ~ OOBBStLANOEiHANNt (V OF PA)
+SONNET BRI ANOET SADDULET (EP (PARIS))
CD MAYEURtEeTOHPA ~ J ~ WICKFNS (UL ~ SRUX+VC ~ LON)
CLELANDoBIENLCIN ~ CONFORTO+ (CERNoGVArLUNO)
0 E OVER SETHy R F ROTH (stICHIGANtPRINCETON)

ANDERSSCNtB IENLE IN tCt.ELAND + {CERNt GVAr LUND)
CHVtPHILLIPSr + (ARGONNEsCHICAGOrOHIOyWASH)
He-J GRIMM (HEIDELSERGl
V ~ HEPP t He SCHLE ICH t HE IOEL BERG)
HERRfLL ~ SHAFER (LRL)
t SERGE ~ HUBSAROt HERR ILLs PILLER t LRL)
MAL ONE Yt SfCHI ZORN (UNIV HARYL AND)

NOT REFERRED TO fN DATA CARDS

ARMENTER 62 CERN CONF 236 ARHENTEROS+(CERN+EP+LONDONtBIRM+CEN-SACLAY)
BALTAY 62 CFltN CONF 233 BALTAYrFOWLERsSANO'MEISS ~ CULMICK+ (YALE+SNL)
BERGE 63 THESIS {BERKELEY) J PETER SERGE (LRL)

ttttte ttttttett tettttttt tte ttettt ttttttttt ttttttttt ttetttttt tttttttttetttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttt
See the iltustrated key preceding the data card hstings



P'tR»~LE D&T~ GRoUP Reeseto of Per(sole Proper(joe

STABLE 'PARTIC LES

ln order to evaluate the actual error we
2have redone the X minimization described

by CHANG 66, using his published data, and

find 5(7) to be 0.075.
+

We find his Z lifetime e-rror also to be

too small, and have redone his analysis to

give +0.032.

N N SEE NOTE PRECEDING LAMBDA MASS LISTINGS

144 1189' 3S oo15
58 LIST 4S 0 ~ 2

B RKA5 63 EHUL + SEE NOTE 5 BELOW*
M 5 ABOVE 5 I G&A+ MASSES HAVE BEEN RAISED 30

9 ' 4S 0 ~ 22 BHOWMIK 64 EMUL + SEE NOTE 5

5 INCR EAS
KEV TQ ACCOUNT FQR 46 KEV

BELOW

M ~ 4205 1189~ 68
E IN PROTON MASS ANO. 21 KEV DECREASE IN PION &ASS

0 ~ 10 SCHMIDT 65 HBC SEE NOTE N

M

I 189~ 16 0 ~ 12 HYMAN 67 HEBC
e ~ ~ ~ e ~ ~ e ~

FfT
M AVG 1189o45 0 ~ 13 4~ ~ VERAGE t ERROR INCLUDES SCALE FACTOR OF 1 9)

T 1189 40 0. 19 VALUE FRAM CONSTRAINED FIT
ISEE IOEQGRA" BELOW )

6/68

6/6 8
6/68

L(EIGHTEO AUERAGE = 1189.4S + 0.13
ERROR SCALEO 8Y 1 ' 9

Data in parentheses have not been inclnded in ot(r averages.

SIGH4+ .(LL89sJPst/Ze) lsf
19 SIGMA+ MASS (MEV)

luce above of weighted aver-
e, scale, etc. for readers
nvenience. The data were
ually processed by program
R, which calculates its own
ues of SCALE, x, and e(x) .

hich are different from the
ues shown here).

CHISQ
67 HEBC 5.9
6S H8C S.2
64 EMUL 0.0
63 EMUL 0.2

11.4
(CONLEU
=0.010)

MAN

HMIOT

OL(MIK

RKAS

1188.8 1189.2 1189.6 1190.0 1190.4
SIGMA + MASS (MEV)

T
T 127
T 41
T 117
T 54
T 23
T 49
T 140
T L92
T 456
T 203
T 181
T 900
T C 1300
T C
T 5 125
T 5 ILT
T 381
T 10664
T 5
T
T AVG

19 SIGMA+ LIFETIHE (UNIT5 Lose-10)

GLASER 58 RVUE

0.98 0.16 0.12 PUSCHEL 60 EMUL

Oo82 0 34 0 ~ 20 EVANS
' 60 EMUL

Oo 85 0 ~ 14 0 ll FREOEN 60 EMUL

Oo80 oelo 0 ~ 067 KAPLON 60 FMUL

0 76 0 22 0 ~ 14 CHIESA 61 EMUL

0 75 0 13 0 ~ 09 BERTHELQT 61 HLBC

oo82 0 ~ 10 0 ~ 08 RARKAS 61 EMUL

oo749 0 056 0 052 GRARO 62 HBC

oe765 F 04 0 04 ' HUMPHREY 62 HBC

0 ' 84 0 ' 12 0 ~ CS SHOWMIK 64 EMUL

0.84 o.o9 RALTaY e5 HRc 6/66
oe76 0 F 03 CARAVAN 65 HBC 6/66
oe 83 0 ~ 032 CHANG &6 HRC .6/66

C'HANG ERROR 0 ~ 018 RAISEO BY US ~ SEE NOTE PRECEDING SIGMA LI STo LL/69e
(0086) (0 ~ 15) CHI EN 66 HBC + 6.9 PRAR P 9/67

lo 10) ( 0 24) CHIEN 66 HRC — 6 ~ 9 PBAR P ANTI 9/67
0 F 80 0 F 07 COOK 66 OSPK 7/66
Oo803 oo008 BARLOUTAU 69 Hs)C K P 4 1 2 GEV/C 11/69e

ERROR PURELY STATISTICAL
~ o ~ ~ ~ ~ ~ ~ ~

0 ~ 8020 0 ~ OOT2 0 ~ 0071 4VERAGE (ERROR INCLUDES SCALE FACTOR OF loo)

Note on Z Lifetime Er ror s

When combining lifetimes, we first con-

vert mean lives v to decay rates l, since for

small nuxnbers of events the l" are rnor'e

nearly Gaussian distributed. However, in

checking input data it is useful to bear in

mind the theoretical minimum statistical

381
52
51
69

29333

MM

MM

MM

MM

MM AVG

1~ 5
3.5
3eo
3o5
2ol

2 ' 57

19 SIGPA+
1 ~ I
lo5
1 2
1 ~ 2
Loo

MAGNETIC MOHENT (MAGNETQNS ~ 938 ~ 26 HEV)
cooK ef, ospK
KQTCLCHUC 6 / EHUL
SULLIVAN 67 EHUL
COMBE 68 EMUL

MAST 68 HBC

7/66
4T 1~ 15BEV/C 8/67

PHQTOPRQOUCT I ON 8/67
10/68

4T 4 GEV/C el&8

0 ~ 52

Pl
Pz
P3
P4
P5
P6
P7
PB

19 5IGsrae PARTIAL DECAY HOOCS

INTO PROTON Pf0
INTO NEUTRON Pl+
INTO NEUTRON Pl+ GAHMA

INTO LAMBDA E+ NEU

INTO PROTON GAMMA

INTO NEUTRON MU+, NEUTRINO
t NTO NEUTRCN Ei NEUTRINO
INTO PROTON E+ E

SIGMA +
SIGua +
SIGMA +
SIGMA .+
SIGMA +
SIGMA +
SIGMA +
SIGMA +

DECAY MASSES
938t 134
939+ L39
939+ 139+ 0

1115+ 5+ 0
938t 0
939+ 105+ 0
939+ 5+ 0
938+ ~ 5+ ~ 5

AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 0)

error 5 . (7') in the mean life itself. This
xnin

1s
T

min
eff

19 S I GHA+ BRANCHING RAT f05

K-P ~ 4-1 2 GEV/C

Rl SIGMA+ INTO (NEUTRON PI+) /t NUCLEON Pl) (P2) /(Pl+F2)
Rl 308 0 ~ 490 Oo024 HUMPHREY 62 HSC

R I 534 0 ~ 46 oe02 CHANG 66 HSC

R 1 1331 0 ~ 4SB 0 ~ 010 BARLQUTAU 69 HBC

RL ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVG 0 ~ 4833 0 0084 AVERAGE (ERROR INCLUDES 5'CALE FACTOR OF L ~ 0)

6/66
1 1/69e

eK
N ff=N

where N = number of decays seen over the

time interval A t and x = A t/r.

R2
R2
R2

SIGNA+ INTO
4 (3 ' 3)

R3
R3 W

R3 W

R3
R3
R3
R3
R3 AVG

6 2 ~ 0
5 1 ~ 6

10 2 ~ 9

2e02

(LAMBDA
(1 ~ 7)
EVENTS

0 ~ 8
oeT
leo

E+ NEU)/TOTAL (UNIT Lose 5) (P4)/TOTAL
WILLI 5 64 HSC STOP ~ K-

FROM THIS EXPERIMENTr INCLUDED IN EISELEL 69
BARASH 67 HRC STOP K-
SALTAY 69 HBC STOP K-
E ISEL EL 69 HBC STOP K

0 ~ 47 aVERaGE (ERRCR INCLUDES scaLE FACTOR OF 1.0)

9/66
11/69s
8/67

11/69e
10/&9»

SIGMA+ INTO tNEUT Pt+ GA&)/(Pl+N) (UNITS lose 3) tP3)/(P2)
ABOUT le8 SAZfN2 65 HRC PI+ LT 116 MEV/C 8/67

29 0 ~ 27 0 ~ 05 ANG
' ' 69 HRC PI+ LT 110 MFV/C ll/68

Consid. er the Z mean life of CHANG 66:
-401.67+0.026XXO sec. , based. on 3267 events.

The Z were produced by K stopping irI a

hydrogen bubble chamber. Since stopping Z

were not included. in the analysis, the decays
-IO

were observed. for only 2.7XIO sec. Then

x = 1..&2, and N ff is .about N/5. Equation (t'I
eff

then gives 5 . = 0.065e or 2o5 timesmin
larger than that quoted by CHANG 66.

R4 SIGMA+ INTO (P
R4 1 to ~ 68) OR

R4 24 0 ~ 37
R4 (0 ~ 17)
R4 45 oe21
R4 31 o.27e
R4 ~ o ~ ~ o ~

R4 AVG 0 ~ 240

GAMMA ) / t P P I 0 ) (UNI TS Lose-2)
LESS CAR RA RA 64 HRC

0 F 08 84ZIN 65 HSC
QUARENI 65 EHUL

(P5) /(Pl)

0 03 ANG 69 HBC STOP K-
0 051 GERSHWIN 69 HBC

e ~ o
0.035 AVERAGE I ERROR INCLUDES SCALE FACTOR

(SEE IDEOGRAM BELOW )

R5
R5 E
R5 E
R5 E
R5 E
R5
R5' U

R5 U

R6 U

R5

SIGMA+ INTO I N E+ NEU)/(N Pl
0 (1&220)EFFECTIVE DEMON ~

0 I 2720) EFFFCT IVF DENQMe

1 (9690)EFFECT IVE DE NQM

EFFECTIVE DENOM

0 (32406)EFFECTIVF. DENQM ~

0 (80400)EFFECTIVE DENQM ~

1 (30000)EFFFCTIVE OENQMe
EFFECT IVE DENOH ~

2 (0 ~ 7) OR LESS C Lse90

+) (UNITS loe's-5) tP7) /(P2)
COURANT 64 HBC SEE NOTE
MURPHY 64 HBC SEE NOTE
NAUENBERG 64 HBC SEE NOTE
TAKEN FROM EISELE 67
B(ERMAN &S HBC
E ISEL E2 69 HSC
NORTON e9 HSc

CALCUL ATEO BY US
OUR AVERAGE USING ALL ABOVE

R6
R6
R6
R6
R6
R6
R6
Re

SIGMA+ INTO (N MU+ NEU)/(P I+M) (UNITS lose-5) tP6)/(P2)
1 t 120)ANALYSEO EVENTS GALTIER I 62 EHUL NO RATIO

E 0 (10150)EFFECTIVE DENOH COURANT 64 HBC SEE NOTE

E 0 ( lTlo)EFFECTIVE DENOM ~ NAUENBERG 64 HBC SEE NOTE

U 2 (62000)EFFECTIVC DENQH EISELE2 69 HSC

0 (33800)EFFECTIVE DENOMe BAGGETT 69 HBC

3 ( I 1) OR LESS C L eeo QUR AVERAGE USING ALL ABOVE

SEE NOTES ACCOMPANYING R5

OF 1 o4)

()VOTED
E
E

6/66
10/69»
10/69e

11/67
11/67
6/68

11/67
6/68
6/6 8

11/69e

11/69e

11/67
11/67
11/67
6/68

11/68
11/69e

See the d}ustrsted k~ precedi~ the data card hstlnss



I24 REVIEWS OF MODERN PHYSICS ~ JANUARY 1%0

STABLE PARTICLES

Data in parentheses haec not been included in our averages.

L{EIGHTEO AUERAGE = 0.240 4 0.03S
ERROR SCALEO BY 1 ~ 4

SANGERTE
SEPLEY
CHANG

aLSO
CHIEH
COOK

SARASH
EISELE
HYMAN

KOTELCHU
SULLIVAN

ALSO

&6 PRL 17 495
66 PRL 17 107L
66 PR 15L 1081
65 NEVIS L45 THESIS
66 pR 152 117L
e{ PRL 17 223

e7 PRL 19 181
67 ZPHYS 205 409
67 PL 25 8 376
67 PRL 18 1166
67 PRL 18 1163
64 pRL 13 246

SANGEP TER eGAl. I IERI eB'ERG'E ~ MURRAY+ l LRL )
tHERZBACHeKOFLER YAH4I{OTO + (BNL+MASS+YALE )
CHUNG YUH CHANG t COLUMS I A )
CHVNG YUN CHANG {COLUHSIA)
tLACHeSANOWEI 55 ~ TAFT ~ YEHeOREN + t YAl. E+BNL l
V COOKeEWARTeMASEK ~ ORRePLATNER {WASHINGTON)

SARASH ~ OAYeGLASSEReKEHOEeKNOP + {HARYLANQ)
+ENGELMANNe F I LTHUTH ~ FOL I SH ~ HEPP+ {HE IDEL 8 ~ )
+LOKEN ~ PEWITTeHCKENZIEeKEYES+{ARG+CARNtNWU)
KOTELCHVCK GAZA SULLIVAN ROSS lVANOERBtLT)
SULL IVANeMCINTURFF ~ KQTELCHUCH {VANDERSI{.T)
4 0 MC INTURFF eC E RODS {VANDE R 8I L T )

IN 69 HBC
69 HBC
6S HBC

0.2 Oi3 0 ~ 4 0eS 0.6
SIGMA+ INTO t P GAMMA) i (P PIO)

CHISQ
O. S
1 ~ 0
2.6
4.1

(CONLEU
=0.126)

BAGGETT
ALSO
ALSO

SIERMAN
COMBE
MAST

ANG

SAGGETT
BALTAY
RANGERTE
BANGERT1
BAR LOUTA
SERLEY
E ISE{.E1
EISELEZ
GF. ltSHhIN
NORTON

68 VIENNA ABS ~ 374 BAGGETT ~ KEHOE {PARYLAIIIO)67 PRL 19 1458 BAGGETT e DAY GLASSER KEHOE ~ KNOP 1 I MARYLAND)68 PRIVATE CQMHVNICATfON FROM N SAGGETT {etARYLAND)68 PRL 20 1459 RIERMAN ~ KQUNOSUeNAUfNSf RG + (PRINCETON)68 NC 574 54 CERN-BRISTOL-LAUSANN'E MUNICH ROME COLLAOR68 PRL 20 1312 HAST, rERSHWIH ~ ALSTOH GARNJQST + {LRL )

69 ZPHYS 228 I 5 L +EBENHOHe E I SELE ~ ENGELH4NN ~ F ILTHUTH+ {HE 10 )69 MODP TR 973 N V SAGGETT {THESIS) {MO)69 PRL 22 615 BALTAY ~ FRANZIN'l ~ NEWMANeNORTON+ {COLUeSTOH)69 UCRL 19244 ROGER OOELL SANGERTER {THESIS) l{.RL)69 PR NQV 25 SANGERTEReGARNJOSTeGALTIERI ~ GERSHWIN& {LRL)69 NP TO SE PUBLIS ~ BARLQVTAUO ~ BELLEFON GRANET+{ SACL+CERN+HEIO)69 PR TO BE PUBLISH ~ +KQFLER ~ YAMA&OTO WILLIS +
69 ZPHYS 221 1 tENriELHAHN ~ FI LTHUTH ~ FOHLISCH ~ HEPP+ (HE ID)69 ZPHYS 22L COL +ENGELMANHeFILTHUTHeFOHLISCH ~ HEPP+ {HEIO)69 VCIIL-I 9246 LAWRENCE KEHHETIe GERSHWIN {THESIS) {LRL )69 NEVIS 175 {THESIS) HERREPT NORTON {COLUI(BIA)

t)UANTUM NUMBER DETERk(NATIONS NQI' REFERRED TO IN THE DATA CAR()5

i7
\7 N

{7
i7
i7

iS
is
l8 4
(8 A

i9
\9

iLO
ilo

19 SIGMA+ DECAY PARAMETERS

SIGHA+ INTO LEPTCINS / SIGMA INTO {.EPTQNS
5 {0~ 03) QUR AVERAGE

AVERAGE OF ALL DATA IN R5 ANO l(6 VP TQ BIERMAH 68 ~

0 loe034)OR LESS BAGGETT 67 HSC
1 {0 08) OR LESS NORTON 69 HSC

SIGMA+ tNTO {PROTON E+ E )/ TOTAL (UNIT 101'1-6) (PS)/TOTAL
le 0) OR LESS ANG 69 HBC STOP K-

AHG 69 FOUND 3 E+E EVENTS IN AGREEMENT WITH GAMMA CONVERSION PF
PROTON GAMMA DEC4Y LIMIT GIVEN HERE IS FOR NEUTR4L CURRENT

SIGMA+ INTO tN HU+ NU)/ 5 IGHA- INTO IN HU- NU)
QeOC5 Oe03 EISELE2 69 HSC +- STOP K

SIGHA+ INTO {H E+ NU)/ SICMA- INTO {N E- Nu)
0 {oe03) OR LESS EISELEZ 69 HBC + STOP K

10/691
ares
6/68

10/691

10/691

10/691

10/691

TR IIIP 62 PRL 8 175 R TR IPP ~ M WATSQNeM FEARO LUZZ't I ILRL )4{.FF 63 5 IENA CONF L 205 ALFF ~ HAUEHBERG ~ KIRSCH ~ SERLEY+tCOLU+RUT+BNL )
ALSO 65 oR 137 8 1105 ALFFeGELFAHO ~ BRUGGER ~ BERLEY+(COLUM+RUT+BHLI

CGURANT 63 51ENA CONF 1 73 COURANT ~ FILTHUTH SURHSTE INeDAY+ {CERN+MARY)

PAPERS NOT REFERRED 70 IN DATA CARDS

l)LASER 58 CERN CONF 270 GLASER ~ GOODeMORRISON {M{CH+LRL )

20 SIGMA t 1198eJpet/2+) I iL

20 SIGMA MASS {MEV)

M N SEE NOTE PRECEDING LAMBDA MASS LIST INGS

H 3000 1197 47 0 ~ 11 SCHMIDT 65 HBC SEE NOTE H
M ~ ~ e ~ ~ ~ ~ ~ ~
It F IT 1197~ 32 0 ~ 11 VALUE FROM CONSTRAINED FIT

tttttt ttttftttt ttttftttf ttttttttt tttftft11 111111111ttff1tttt ftt111111tttff ftt 1ttttttt1 fttff 1111 ff ttffftt 11tfttttt 1111111111ftftttt

6/6 8

6/6 8
PIQ P)

Sf 0+ FRQH Pl+P
REPLAC BY SANGCR
SfG+ FRQel K-P 9/66
5[G+ FROM K-P 9/66

4+
4+ 35
At
At
4+ AVG

BANGERTEA 69 HBC K P AT 400 HEV/C 1)/691
BERLEY 69 HSC K-P AT 400 MEV/C LL/69f

4+0 ALPHA+/4(. PHAO FOR SIGMA+ t SIG+ TO PI+ N)/{ SIG+ TO
+De 04 0 ~ 11 CORK 60 CNTA

4+0 t+oe20) I 0 ' 24) TR IPP 62 HBC t
4+0 Q 3500 - ~3500 (-~ QLC) ( 0 052) BANGERTER 66 HBC +
atO D 2600 t ~ 047) I e07) BERLEY~ 66 HSC +
4 0 0 OLO RESULTS ~ HAVJ. BEEN REPLACED e EE BELOW

ALPHA SIGHA++lS IC+ TO Pl+ N)
000 oe069 0 ' 017

0 ' 062 0 046

De068 0 016 AVERAGE {ERROR lNCLUDES SCALE FACTOR OF 1 ~ 0)

D 87
0 2500
D

D AVG
0 F IT

20 SIGPA- HASS DIFFER ~ I )-{+)tHEV)

8 ~ 25
8 25

~ ~ e e ~ e
Be25
7e 92

0 F 40
0 25
e e e
0~ 21
0 ~ 18

SARKAS 6'3 EHUL
OOSCH 65 HBC

AVERAGE {ERROR INCLUDES SCALE FACTOR QF 1 0)
VALUE FROM CONSTRAINED FIT 6/eS

PIQ PROTON)
BE4{.t. 62 CNTR
TRfPP 62 HSC
SANGERTER 86 HBC
BANGERTER 69 HBC

40 ALPHA SIGHAQ t SI0+ INTO
AO Oe 80 0 ~ 16
40 t oe90) I 0 25)
Ao Q 5200 { 0 ' 986) tO ~ 072)
AQ 32000 Oe999 0 F 022
40 ~ ~ e ~ ~ ~ ~ e ~

Ao AVG O 995 O ~ OZZ

REPLAC ~ BY BANGE
K-P TO SIG+ PI- 7/66

10/691

ll/691

EVANS
FREDEN
KAPLON
CORK
PUSCHEL

BARKAS
e)ERTHE{.O
CHIESA

62 PRL 8 75
62 PR 127 607
62 PRL 9 26
62 PR 127 1'305
62 PRL 9 66

SEALL
GRARD
GALT IfR I
HUHPHREY
TRIPP

BARKAS 63 PRL 11 26
a(.SO 61 UCRL 945o

8HOW M {K
CARRARA
COURANT
iNURPHY

HAUENSER
WILLI 5

64 NP 53 22
64 PL L2 72
64 PR 136 8 1791
64 PR 134 8 1&8
64 PRL L2 679
64 PRL 13 291

BALTAY
BAZIN
RAZ IN2
CARAVAN
OUAREN f
SCHMIDT

65 PR 14Q 8 1027
65 PPL 14 154

PR 140 81358
ieR 13S 8 433

65 NC 40 f 928
65 PR 140 8 L328

ILRL)
{LR'L)

W H BAAKAS ~ J N OYER H H HECKMANN
JOHN QYEA {THESIS~ BERKELEY)

8 BHOWHIK eP JA IN ~ P MATHUR ~ LAKSHHI '{DELHI )
C4RRARA, CREST I, GR IGOLETTO, PERUZZO+ t PADOVA)
COURANT F ILTHUTH+ tCERN+HE I OLS+MD+NRL +BNL I

C THORNTON MURPHY {WISCONSIN)
HAUENSERGeMARATECK ~ SLUMEN'FELO+ tCOL+RUT+PR)
WILLISeCQURANTeENGELHAH+ (SHL+CERN+HEIC+I(Q)

BALT AY ~ SANDWE f55 ~ CULM ICKeKOPP + {YALE+BNL )
BAZIN ~ 8LUMENFELO NAUENBCRG +

{PRINCE+COLUM�)

BA I INe PL AHO ~ SCHMIDT+ t PR I NCE ~ RUTG eCOLUM)
CARAYANNQPQUL 05 ~ TAUTF fST e W ILLMANN l PURDUE )
OUARENI ~ CARTACCI + {BQL+FIR+GEN+PARMAI
P SCHMIDT ( COL UHS I A 'I

AVERAGE & ERAQR INCLUDES SCALE FACTOR OF 1 ~ 0)

t 5 IG+ INTO N PI ) SINl PHI ) /COS{ PHI ) BETA/GA ieMA l DEGREE )F+ PHI+ ANGLE tSIG+ IN
SERLCY 66 HSC 1 NEUTRON RESCATTe 9/66F+ 0 370 {180eI {30
RERLE Y &9 HBC K P AT 400 MEV/C 11/691

CHANGED FROM 176 TO 184 TO AGREE WITH SIGN CQN~+ C
BANGERTL 69 HBC 10/{i ')1F+ 560 143e 29 '

Ft AVG 167' 3 20 120 1 4VERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

AG ALPHA SIGMAG {SIC+ INTO PROTON GAMMA)

AG 61 1e03 0 ~ 52 0 ~ 42 GERSH)eIN 69 HBC K-P TO SIG Pl

tetttf 111111111111111111111111111ffttftfft ftftftftf 11111111111111111
REFERENCES

19 SIGMA + {LL89eJPeL/2+) I~L

60 NC 15 873 SRI ST+BRUSS+I AS Ue COL-OUSLIN+LONtMILAN+PAD
60 HC 16 611 5 FREOEN ~ H KORNSLUet ~ R leHI TET {LRL)

M KAPLONeA MELI SSINOS ~ YAMANOUCHI {ROCHES)
CORKeKERTHeWENZEL ~ CRONIN ~ COOL {LRL+PRI+SNL)
W PUSCHEL ( HAX PLANCK INST)

bl PR 124 1209 SARKAS ~ OYER eHASQNeNICHOLSe SMITH
61 NC 21 693 BfRTHELOT ~ OAUOINeGOUSSU + {SACLAY+QRSAY)
61 NC 19 1171 CHIESA ~ OUASSI471 ~ RINAUOO {INFN-TURIN)

BfALL ~ CORK ~ KEEFE ~ MU'RPHYeWENZEL {LRL)
F GRARO ~ G 4 SHI TH {LRL)
GAL TIER I e SARKAS ~ HECKMAN PATRICK ~ SMITH {t RL )
W E HUHPHREYeR R ROSS {LRL)
R 0 TRIPP AM 8 WATSON AM FERRO-LUZZI {LRL)

20 {SIGMA ) - tLAHBOA) HASS DIFFERENCE {HEV)

OL N SEE NOTE PRECEDING LAMSQ4 H455 L f 5TINGS

DL
OL
DL 2
DL
OL AVG
DL F IT

81 70
85 81e80

279 81~ 64
~ ~ ~ ~ ~
Slebbe
81 ' 72

0 ~ 19
0 ~ 24
O O9
~ ~ ~

Oe077
0 ~ 09

BURNSTEIN 64 HRC
SCHMIDT 65 HRC 5EE NQTE
HEPP 68 HBC

9/e(
6/68
8/68

AVERAGE {ERROR INCLUDES SCALE FACTOR OF I ~ 0'I
VALUE FROM CONSTRAINED FIT 6/6 8

T
T
T 45
T 41
T 1208
T C 3267
T C
T 5 61
T 5 64

5
7 506

10253
T
T AVG

PL
PZ
P3
P4
05

SIGMA-
5 I GMA

SIGMA
SIGMA
5 I GMA

20 SIGMA- PARTIAL DECAY MODES

INTO NEUTRON PI-
INTO NEUTRON PI- GAMMA

IHTO NEUTRON HU NEUTR INO
INTO NEUTROI{ E NEUTR INO
INTO LAMBDA E- NEUTR INO

DECAY HASSES
939+ 139
939+ 139+
939+ 105+
939+ .5+

1115+ .5+

0
0
0
0

Zo 5 I GMA- BRANCH I NG R AT I QS

Rl SI GMA

Rl 22
RL 11
RL 56
RL 72
RL 13
RL
ie I AVG

INTO {N

0 ~ 66
0 e56
Qe43
0 F 43
0 ~ 38

~ ~ ~ ~ ~
0~ 450

MU- NEU)/{N PI ) t UNITS f011-3)
0 15 COUil ANT 64 HBC ~

0 ~ 20 SAZ IN 65 HSC
0 ~ 09 SAGGETT 69 HBC
0 06 ANG I 69 HSC
0 ~ 13 NORTON 69 HIIC
e ~ e
0 ~ 043 AVERAGE {ERROR INCLUDES

tp3)/{Pl )

FRQH STOPS K 6/66
STOPS K LO/6 91
STOP K- 10/6 9t
STOP ~ K 10/691

SCALE FACTOR OF 1 0)

20 SIGI{4- LIFETIME {(S(ITS 1011-10)
I ~ 67 Qe40 0~ 2S BROWN 58 HLBC
Le 89 Qe'33 oe25 E ISLE R 58 HLSC
L ~ 35 0 ~ 32 0 ~ LT CHIESA 61 EMUL.
I ~ 75 oe39 oe30 BARKAS bl EMUL
1~ 58 0 ~ 06 Oe06 HUMieHREY 62 HSC STOP K-
1 666 0 ~ 075 CHANG 66 HBC STOPS K 6/66

CHANG ERROR 0 026 RAISED BY US CSEE NOTE PRECEOIHG SIGeta LISTS 11/691(2eoS) {0' 22) CHIEN 66 HBC 6 9 PBAR P 9/67(F 46) {0' 31) CHtEN 66 HSC + 6 9 PAAR PeANTI 9/67
ERROR PURELY STATISTICAL

I ~ 38 0 F 07 WHITESIDE 68 HSC STOPS K 6/6 SI ~ 472 0.016 SARLQUTAU 69 HSC K-P eC 1~ 2 GEV/C 11/691
L 490 0 ~ 031 0 030 AVERAGE tfRROR INCLUDES SCALE FACTOR OF 2 1)lsff IDEOGRAM BELOW )

See the illustreted key preceding the deta card listings.



PARTlcLE DATA GRQUP Re&ere Of Prsrriele Properties 125

STABLE PARTIC LES

Data is parentheses have not been i¹ctuded in our averageJ.
BAZ IN

i DOSCH
ALSC

SCHMIDT
RANGERTE
CHANG
CHIEN

65 PR 140 8 1358
65 PL IC 239
66 PR 151 1081
65 PR 140 8 1328
66 PRL 17 495
66 PR 151 1081
66 PR 152 1171

BAZ(N ~ PL AND ~ SCHMIDT + {Pit INC+RUTG+COLUM)
DOSCH ~ E NGEl. MANN ~ F ILTHUTH rHEPI ~ KLUGE+ t HE I 0 )
CHUNG YUN CHANG (COLUMBIA)
P SCHMIDT {COLVMR(A)
BANGERTER GALTIERII SERGEIMVRRAY+ t LRL)
C HUNG YUN CHA NG tCOLVMSIA}
+LACM ~ SANDWEfSS ~ T4FTrYEH ~ OREN + tYALE+SNL )

}(EIGHTEO AVERAGE = 0.671 b O. Oi4
ERROR SCALED BY 2.1

BARASH ' 67 PRL 19 181
BERLEY 67 PIIL 19 979

8 IERNAN 68 PRL 20 1459
GER SH WIN 68 PRL 20 1270
ME}P 68 ZEIT. PHYS. 214 71
SECH I ZOR 68 TO RE PUSL ~

WHITES(0 68 NC 54A 537

BARASH ~ CAY ~ GLASSERIKEHOE ~ KNOP + (MARYLAND)
BERLEY ~ HERTZSACH ~ KOFLER + (BNL ~ MASS ~ YALE)

BIERMANrKOUNOSUINAUENSERG t {PRINCCTON)
GERSHWIN ~ ALSTON-GARNJOST ~ BANGERTER+ (LR{.).
V HEPP ~ H SCHLE (CH - '

t HE IOELSERG)
DAY ~ Gt. ASS EP ~ IINOP4 Vl ENNA 375 {MARYLAND )
H~ 'WHITE 5 IOE I J ~ GOL LV5 (OSERL IN)

I

SIGMA — DECAY RATE (UNITS

BARLOUTAU

I(HI TESIOE
CHANG

HUMPHREY
.BARKAS
.CHIESA
EISLER
.BROl{N

69 HBC

88 HBC

66 HBC

62 HBC
61 EMUL

61 EMUL

SB HLBC
SB HLBC

.9 i.i
iOMM10 SEC -i)

CHISQ
1 ~ 3
2.1
6.8
2.5

12 ~ 7
(CONLEV
=O. OOS)

ANG

ANG I
BAGGETT
RALTAY
SANGERTE
SANGE RT1
SARLOUTA
RERLEY
COLLFRAI
EISELE I
F. ISELF2
GERSH}IIN
NORTON

69 ZPHY 228 151
69 ZPHY 228 151
69 PRL 23 249
69 PRL 22 615
69 UCRL 19244
69 PR NOV 25
69 NP TO SE PUSL f5 ~

69 PR TO BE P Ul}L I SH ~

69 PRL 23 198
69 ZPHY 221 I
69 ZPHY 223 487
69 UCRL 19246
e9 NEvts 175 {THESIS

+El}ENHOR r E I SELE ~ ENGE LMANN ~ F ILTHUTHr ( HE ID }
+E I 5cLE I ENGEL MANN ~ F I LTHUTH ~ FOHL I

SCHWA

t HE I 0 }
84GGETT ~ KEHOE ~ SNO}{ (UNIV MARYLAND)
BALTAY ~ FRANZI NIL NEWMAN ~ NORTON+ {COLU

ASTON�

)
ROGFR ODELL SANGERTER '{THESIS} {LRL }
BANGERTER ~ GARNJOSTrGALTIERI ~ GERSH}i{N+ (LRL }
RARLOUTAU0rBELLEFONr GRANET+t54CL+CERNrHEIO)
+K(}FLERI YAMAMOTOIWILLI 5 +
COLLERAINC ~ OAY ~ GLASSERrKNOP+(UNIV HARYLAND)
+ENGELHANN ~ 0ILTHUTH ~ FOHLISCH ~ HEPP+ {HEID)
E I 5 ELE ~ EN GE LMANN ~ F I LTHUTH ~ FOHL I SCH+ l HEI 0 )
LAWRENCE KENNETH GERSHW IN {THE 5 I 5) t LRL )

) HERBERT NORTON {COLUMBIA)

PAPERS NOT REFERRED TO IN DATA CARDS

BROWN 57 PR 108 1036 J BROWNE 0 GLASER ~ M PERL . (MICM{GAN + SNL)

21 SIGMA 0 I 1193~ JP~I/Zr) I~t

if fee 41tf4 1ttf 114444f 44 411114411 141144111 414444144 4ff ef1111 14144 ett
eeetie 4efef 4 44i fti eeefti teffeeeft 41I tees'ef 44141eftt i ~ @effete ietf ef 44

21 (SIGMA-) (SIGMAO) M455 DIFFERENCC t MEV)
Dl N SEE NOTE PRECEDING LAMBDA MASS LISTINGS~

RZ
RZ
RZ
RZ
R2
R2
RZ
RZ
R2
RZ
R2 AVG

SiGNA
9

16
16
31

180

331
58

W

INTO
fro
1 37
fof5
teC
fell

(1~ 11)
1 ~ 02
0~97

e e ~

1 ~ 063

(N E- NEU)/(N Pl ) {UNITS 1011 3) {PC)/(P 1)
0 ~ 4 0 3 MURPHY- 64 HLBC
0 ~ 34 NAUENBERG 64 HBC
0 ~ 4 }IILLER dC FRC
0 ~ 3 C DURA NT 64 HSC
O. n9 R IERM AN 68 HBC

(0 15) SECMI ZOR 68 HBC PRELIMINARY
0 ~ 08 ANG 1 69 HSC STOP K

0 ~ 13 NORTON 69 HBC
~ 0 0 ~ ~

0 ~ 052 AVERAGE IERRCR INCLUDES SCALE FACTOR OF 1 0)

6/68
10/68
10/691
10/691

Dl
01
01
01
01 AVG
r}f F IT

18 4 ' 75
37 4 F 87
12 4 99

4 ~ 849
4 ~ 86

0 ~ 1
0 12
0~13

SURNSTtlN 64 MBC
DOSCH 65 HBC
SCMMIDT 65 HSC SEE NOTE N e/68

or 069
0 07

21 tSIGMA 0} - (LAMBDA) MASS DIFFERENCE {MEV)

AVERAGE {ERROR INCLUDES SCALE FACTOR CF 1 ~ 0)
VAL{}E FROM CONSTR41NEO F IT 6/68

R3 SI GHA

R3 11
R3 35
R3 31
R3 31
P. 3
R3 AVG

INTO
0 ~ 75
oebC
0+69
0 ~ 52

0 F604

{LAMBDA E- NEU)/ {N Pl-) I UNITS 1041-4){P5) /( Pl )
0 ~ 28 COURANT 64 HBC STOPS K

0 ~ 12 . BARASM 67 HSC STOP K~
0 ~ 12 EI SELEI 69 HBC STOP K-
0 F 09 BALTAY 69 H{IC STOP K-

' ~ ~ ~ ~
0 ~ 060 AVERAGE (ERROR INCLUDES SC4LE FACTOR OF I'D)

8/67
10/6 9it
4/691

DL N SEE NOTE PRECEDING LAI{BOA MASS LISTINGS ~

OL 208 Tbe63 0 ~ 28 SCHHIDT 65 HBC SEE NOTE N

DL ~ ~ I ~ 0 1 I ~ ~

DL F IT 76 ~ 86 0 ~ 09 VALUE FROM CONSTR41NED FIT

6/68

6/68

RC
RC
RC

SIGMA INTO fN Pl GAMMA)/(NPI-) {UNITS 1014 3)(P2)/(Pl }
ABOUT tof SAZIN 65 HSC PI LT 166 MEV/C 8/67

23 ~ 10 ~ 02 ANG 69 HBC P{PI-) LT 110 10/691 I 0 OR LESS DAVIS 62 EHUL

21 SIGMAO LIFETI HE IUNITS 1011-14)

20 SIGMA- DECAY PARAMETERS 21 SIGMA 0 PARTIA{. DECAY }IODES

ALPHAI-
I- 0 65OO
I 0I- n 6O68
A« .51000
I
I
A- AVG

5 I Gi{A
l-0 16) (0+21}{-0~ 010} t 0 ~ 043)

OLO RESULTS SHAVE{-0~ 104) {0 ~ 04)
-0 ~ 071 0 ~ 012

oef34 0 ~ 034
~ ~ ~ ~ 0 ~ ~ ~

0 078 0 ~ 020

TRIPP dZ HSC REPL ~ BY BANGERTE
BANGERTER 66 HRC K-P TO SIG P I+

SEEN REPLACED ~ SEE BELD'W
BERLEY 67 HBC K-P TO SIG Pl+
BANGERTER 69 HBC
BERLEY 69 HSC K-P AT 400 MEV/C

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 7)

7/66

11/67
10/6 94
11/691

Pl
P2

SIGMA 0 INTO LAMBDA GAMMA

51GMA 0 INTO LAMBDA C+ E

DECAY MASSES
111'5+ 0
1115+ ~ 5+ ~ 5

Rl SIGMA 0 (NTO{LAMBDA E+ E )/TOTAL {02)/(Pl+PZ)

Rl (0 0054) THEORET CAL ~ FEINSERG 5S QUANTUM ELECT ~ 9/66

etttf 1 eeet 44441 effete 144 4 41441114 ttttetf 41 44111144f 44144141f

AV
AV

AV 8
AV R
AV 5
AV 5
AV 5
AV
AV IVG

GV/GI FOR SIGHA TO LAMBDA BETA DECAY I SEE TEXT FOR SIGN CONVENTION)
PREOICTEO TO SE ZERO BY CGNSERVEO VECTOR CURRENT THEORY
45 0 ~ 31 0 ~ 30 SARASH 67 HBC

BARASH 67 MEASURED ABSOLUTE VALUE
81 ro ~ 22 0 ~ 28 EISELEl 69 HRC '
51 0 ~ 7 0 ~ 4 SALTAY 69 HSC USING 51G+

SIGN CHANGED TO AGREE W ITH OU{t CONVENTION
~ ~ ~ ~ ~ ~ ~ ~

0 ' 35 0 ~ 1S AVERAGE tERROR INC{.UDES SCALE FACTOR OF teo)

F PHI ANGLC t SIN(PHI )/COS(PHI)cBETA/GAMMA) {DEGREES)
F- 0 1006 (+22 ' ) (30 ' ) SERLEY 67 HBC K-P TO SIG PI+
F 1385 14~ 19' SANGERT1 d9 HSC
F C + 5 ~ 23 ' SERLFY 69 HRC N'EUTRON RESCATT ~
c« CHANGED FROM -5 TO +5 TO AGREE WITH SIGN CON
F ~ ~ ~ 1 ~ \ t ~
F AVG 10~ 3 14 6 '

AVERAGE (ERROR INCLUDES SCALE FACTO'R OF 1 0)

ll/67
10/694
11/69III

11/67

10/6 8
4/694

FEINBERG 58 PR 109 1019
DAV I 5 62 PR 127 605
SURNSTEI 64 PAL 13 66
DOSCH 65 PL 14 239
SCHMIDT 65 PR 140 S 1328

REFERENCES

21 SIGMA 0(1193~ JP&1/2+) Icf

G F E INS ERG (BNL)
0 DAVIS' R SETT' M RAYMOND' G TOMASIN (CHI}
BURNSTEIN ~ OAY ~ KEHOt rSECHI' ZORNISNO'W {MARY)
DOSCH ENGELHANN FILTHUTH HEPP KLUGE+ (HEto)
P SCHMIDT (COLUMBIA}

COURANT 63 PRL 10 409

PAPERS NOT REFERRED TO IN DATA CARDS

COUR ANT IF ILTHUTH ~ FRANZ INI+ (CERN+VMD+USNRL)

QUANTUM NUMSER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS

ILFF 65 PR 137 81105 ALFF IGELFANO ~ NAUENSERG+ ICOLUMSIA+RUTG+SNL)P

SRCWN 58 CERN CONF 270
EISLER 58 NC SER10 lo 150

BROWNIGLASERrGRAVESrPERLrCRONIN + (MICH)
EIS{.EP ~ BASSlrCONV'ERSI + (COL+SNL+BOL+P ISA)

BARKAS 61 PR 124 1209
CHIESA 61 NC 19 1171
HUMPHREY 62 PR 127 1305
TRIPP 62 PRL 9 66

SARKAS OYER MASON ~ NICKOLS ~ SMITH
I M CHIESA ~ 8 QUASSIATI rG RINAUOO
W E HUHPHREYIR R ROSS
R 0 TR IPPIM WATSONtM FERRO LUZZI

(Ll{L)
(TURIN)

{LRLJ.
ILRL)

SARKAS 63
SURNSTE I 64
COURANT 64
}{I LL E R 64
MURPHY 64
nAUENBER 44

PRL 11 26
0RL 13 66
PR 136 8 1791
PL 11 262
PR 134 S 188
PRL 12 679

W H BARKAS ~ J N OYERrH H MECKMAN tLRL)
BURNSTEINrDAYrKEHOE ~ SECHI ZORN

BESNOW

(MARY}
COURANTrFlt. THUTH+ {CERN+HEIOLB+HO+NRL+SNL }
MILLER ~ STANNA RD ~ REZAGVET+ (LDND+PARIS+BERG}
C THORNTON MURPHY (WISCONSIN)
NAUENBERG SCHIIIDT ~ MARATECK+ {COL+RUT+PRINC)

IVI; GA/GV FOR SIGMA TO NEUTRON BETA DECAY I SEE TEXT FOR SIGN CONVENTIO)
AV1 57 (0~05) (0 ~ 23) (0 ~ 32) GERSHWIN 6S MRC REPLACED SY GER 69 6/68
AVl C 49 0 23 0 16 COLLE RAIN 69 MBC NEUTRON SCATTER 10/691
AV1 C 33 0 37 0 26 0 19 CISELt2 69 HSC NEUTRON SCATTER 10/694
AV1 C COLLERAINE ANO EISELE HEASURE THE ABSOLUTE VALUE OF GA/GV 11/68
AVl 61 +0 ~ 19 0 ~ 20 0 17 GERSH}IIN 69 HBC POLARIZED 51 GMAS 10/691
Avl ~ ~ ~ ~ ~ 0 ~ ~ ~

AVl AVG 0 ~ 25 0 ~ 11 AVERAGE t ERROR INCLUDES SCALE FACTOR OF Iao}

411144 ttettttfe ttt444tit eefit4411 tfeftfitf fftttf f44 if1ttfftt ittetfff
REFERENCES

20 SIGMA-{1198~ Jpcf/Zr)lcl

~Ie»
rs 22 XI- t 13Z 1 r JP~ I /2 } I ~t/2

22 XI- MASS (MEV)

I f{1317%0) ( 2 ' 2) WANG el HLBC
18{{317~9} {1 ~ 9) FDWLER 61 HLSC

OLD DATA ANO LOW STATISTICS OROPPEO ON SUGGESTION OF J R HUBBARD)
1(1322~ 0) {1 ~ 3 } BROWN 62 HSC ANTI XI

517 1321~ 4 Oed JAUNEAU 63 FBC
62 1321' 1 0 65 5CHNF. IDER 63 HBC

241 1321+1 0 3 BAOIERI e4 MBC
ALL MASSES ABOVE WERE RAISEO 0 ~ 09 MEV BECAUSE LAI{SOA MASS RAISED
149 1321 3 0 PJFRROU 65 HBC

5 1320' 69 0 93 CMIEN 66 HSC + 6~9 PBAR P ~ ANTI
e 1321.67 o.52 CHIE4 66 HBC 6 ' 9 PRAR P

299 1321~ 4 f~l LONDON 66 HSC
12(1321 7) {0 6) SHEN 67 HSC ANTI-XI
T}IE ERROR 15 STATISTICAL ON{.Y

~ ~ ~ ~ ~ ~ 0 0 ~

1321 26 0~ 18 AVERAGE (ERROR INCLUDES SCALE FACTOR OF leo}
1321 25 0 18 VALUE FROM CONSTRAINED FIT

H
M M

M M

M

H
M

M

M 5
M 5
M

M AVG
F IT

OM foo

22 }{ASS OIFFERENCEI {XI } (ANTI XI } IN MEV

CHIEN 66 HSC bo9 PBAR P

44fi ei fffitfeft 4itfftift 44111144i fftiiefti et eittfff ttt4ittti fffii 44i
411411 te144eeti tettettei eftifftet 41411eefe itiittfff 144411tee teiteeet

7766

11/e7
9/67
9/6 7
6/bb

10/6 7

e/68

9I67

See the iltirstrated key preceding the data card listings.
'
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STABLE PARTIC LES

Data in parentheses have not been included in our averages.

22 XI- L IF ET IME {UNITS loca-10)

H ll (3' 5) (3»4)
H 18 {1.28) (0~ 411
H (OLO DATA ANO LOM STAT

517 1 ~ 86 0 ' 15
62 1 55 0 ~ 31

356 (I ~ 77) {0~ 12)
794 1 ~ 69 0»07
246 1 70 0 ' 12

S 6 (1~ 37) (0 ' 51)
S 5 {1~ 51} (0' 55)

299 F 80 0 16
S 12 (1~ 9) (J 7)

2610 I ~ 61 0» 04
5 THE ERROR IS STATIST

~ » ~ »»»»» ~

1 ~ 660 0 ' 037

1 ~ 23) WANG 61 HLSC
(0 25) FCMLER 61 HLRC

ISTICS DROPPED ON SUGGESTION OF J R HUBBARD)
0 ~ 14 JAUNEAU 63 FBC
0 31 SCHNEIDER 63 HBC

CARMCNY 64 HBC REP BY PJERROU 65
HUBBARD 64 HSC
rrJERRCU 65 HBC
CHIEN 66 HSC - 6 9 PBAR P
CHIEN 66 HSC + 6 ~ 9 PBAR PrANTI
LONDON 66 HBC

(0 ~ 5) SHEN 67 HBC ANTI-XI-
CAUr)ER 69 HSC

ICAL ONLY

11/67
9/6 7
9/67
6/66

10/67
6/68

AVG 0 035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ I)

CAR MONY

SAD I ER1
HUBBARD
8 INGHAM
PJERRCU
PJERRCU

SERGE
BERGE 2
LONDCN
CHI E N

SHEN
T&IPPE
DUCLOS
HUBBARD
MERRILL
DAUBER

64 PRL 12 482
64 DUBNA CONF I 593
64 PR 135 8 183
&5 PRSL 285 202
65 PRL 14 275
65 THES IS

66 PR 147 945
66 BERKELEY CONF
66 PR 143 1034
66 PR 152 1171
67 PL 25 8 443
67 PRIV COMM
&8 TO BE IUBL.
68 PRL 20 465
68 PR 167 1202
69 PR 179 1272

QUANTU)r NUMBER 0

CARMONY ~ P JERROUr SCHLEINr SLATER ~ STORK+(UCLA)
BAD I ER ~ Of MOUL IN ~ BA~ LO{}TAUD+ ( PAR IS+5 AC+ZE E )
HUBBAROr SERGE rKALRFLEISCHr SHAFER + (LRL)
H H SINGHAM (CERN)
+ SCHLEINrSLATER ~ SMITHr STORK ~ TICHO (UCLA)
G M PJERROr) (UCLA)

SERGE, ESERHARC ~ HUBBARD ~ MERRILL + (LRL)
46 SERGE r C AB IS BO (RVUE)

LONDON» RAUrGOI OBERG ~ LICHTMAN4 (BNL+SYRACUSl
+LACH, SANDWEI SS TAFT ~ YEH ~ CREN + (YALE+BNL)
8 ~ C SHEN ~ A ~ F IRESTONErG ~ GOLDHASFR (UCSRLRL)
T ~ TRIPPE (UCLA)
DUCLOSrFREYTAG+ VIENNA 253(CERNr HEIDELBERG )
HUSBARDrBERGErOAUBER {LRL)
MERRILLrSHAFER tLRL)J
+BERGErHUrrBARO ~ }rERRILLrMILLER {LRL)J

ETCRMINATIONS NOT REFERRED TO IN T)4E DATA CARDS

Pl
P2
P3
P4
P5
P6
P7

22 XI- PARTIAL DECAY MODES

XI- INTO LAMBDA Pl
XI- INTO LAMBDA E NEUTRINO
XI- INTO NEUTRON PI-
XI- INTO LAMBDA MU- NEUTR INO
XI- INTO SIGMAO E NEUTRINO
Xl INTO SIGMAO MU- NEUTRINO
XI- INTO NEUTRON E- NEUTRINO

DECAY MASSES
1115+ 139
1115+ .5+ 0
939+ 139

1115+ 105+ 0
1192+ ~ 5+ 0
1192+ 10'5+ 0
939+ 5+ 0

CARMONY 64 PRL 12 482 CARMONY ~ PJERROUr SCHLE INr SLATERr STORK+'(UCLA) J

WEIGHTED AVERAGE = -3»0 + 9.1
ERROR SCALED BY 1.3

Rl
Rl
Rl
Rl
rr I
Rl
Rl
Rl
Rl

R2
R2
R2

R3
R3
R3

R4
R4
R4

22 XI- BRANCHING RATIOS

XI- INTO (LAMBDA f- NEU)/(LAMBDA PI-) (UNITS 10e&-3) (P21/(Pl)
(155)EFFECTIVE DENOM» CARMONY 63 HSC

0 {260)EFFECTIVE DENOM» JAUNEAU 63 HSC
0 (220)EFFECTIVE OENOM BERGE 66 HSC
1 (155)EFFECTIVE OENOrr l CNOON 66 HBC
0 t 717)EFFECT IVF. DEMO)r» TRIPP E 67 HSC
2 . (1976)EFFECTIVE OFNOM HUBBARD 68 HSC

I~ 5 0»90 0 55 HUBBARD 68 RVUE
HUBBARD 68 (RVUE) INCLUDES ALL ABOVE EVENTS

XI INTO t NEUTRON PI-)/(LAMBDA PI-) {UNITS 10ee-3} (P3}/(Pl)
(5 0) OR LESS FERRO-LUZ 63 HBC
{1 1) OR LESS DAUBER 69 HSC

XI INTO tLAMBOA MU- NEUTRINO}lTOTAL (UNITS IOee-3) (P4)/TOTAL
(12»0) OR LESS SERGE 6& HBC
tl ~ 3l OR LFSS DAUBER 69 HBC

XI- INTO (SIGMAO E- NEUTRINO)/TOTAL (UNITS 10ee-3) (P5)/TOTAL
(3~ 01 OR LESS SERGE &6 HBC
(0»5) OR LESS CAUSE R 69 HRC

11/67
11/67
11/67
11/67
11/67
6/68
6/68
6/68

6/6 8
6/68

6/6 8
6/68

6/&8
6/68

~ . DAUBER. . . .LONDON

BERGE
~ .CAR}IONY

PHI ANGI E I DEGREES } }{I-

69 HBC

66 HBC

66 HBC

64 HBC

CHISQ
1.0
0.0
0.1
3.6
4 ~ 7

t CONLEV
=0 ~ 196}

R5
R5

I Xl INTO (SIGMAO MU NEUTRINOl/TCTA{. (Pb)/TO7AL
(0' 005) OR LESS BERGE 66 HSC «eeee» eieeeeee» eeeeeeeee eeeeteeeea eeeeaeeee eeeeeeee» «eeeeeee» eeeeeee»

eeeeee eeeeeeeee «eeeeeeee eeeeeeee» eeeeeemree «teeeeeeee eeeeeeeee keeeeee»
R6
R6

R7
R7
RT
RT
RT

XI INTO {N E- NEUTRINO) / (LAMBDA PI-1 f P7}l(P1)
(0 01) OR LESS SINGHAM 65 RVUE CONF»LIMIT 0»9 9/66

XI- INTO t SIGMAO E NEU + LAMBDA E NEU)/TO'(AL (10ee-3) (P2 +P5)/TOTAL
14 0 ~ 62 0»20 0 ~ 30 DUCLOS 68 OSPK PREL ~ SEE NOTE 0 10/68

0 THIS EXPERIMENT CANNOT DISTINGUISH SIGMAO FROM LAMBDA ~ THE CABISBO
0 THEORY EXPECT SIGMAO RATE ABOUT A FACTOR 6 SMALLER THAN THE LAMBDA
D TC GET A YALUE FOR THE TABLF. R7 HAS BEEN AVERAGED WITH Rl

M 1 1313~ 4
M ~ ~ ~ ~
M F IT 1314~ 69

1»8

0 ' 70

23 XI

PALME R 68 HSC

VALUE FROM CONSTRAINED FIT

MASS DIFFERENCE (-)-(0){MEV)

23 XI 0 {1314y JP~ I/2 1 I~1/2

23 XI 0 MASS (MEV)

3/68

6/68

22 XI DECAY PARAMETERS

BELOW
BELOW
BELOM
SELOM
BELOW
SE(.OM

ABOVE

BELOW

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 11AVG

ALPHA XI-
0 0 F 44) (0' 12} JAUNEAU 63 FBC SEE NOTE 0
C 62 '( 0 ' 73} (0»23) SCHNE IOER 63 HBC SEE NOTE D

240 -0»5 0 ' 38 r)ACIER I 64 HBC SEE NOTE 0
356 -0»62 0 ~ 13 CARMONY 64 HBC SEE NOTE 0

1004 0 ' 365 0 068 SERGE 66 HBC SEE NOTE 0
L 3&4 -0»47 0 13 (ONDON 66 HSC SEE NOTE D

{-0»391) (0 032) SERGE 2 6& RVUE INCLUDES ALL
M 2529 (-0 ~ 375) (0~ 051) MERRILL 68 HBC

2781 0»391 0 045 DAUBER ' 69 HBC SEE NOTE A
A USED ALPHALAMBDA ~ 0 ~ 6 t7 PLUS CR "(INUS 0»020
0 ERRORS MULTIPLI EO BY 1~ 1 DUE TO APPROXI)rATIONS USED FOR XI
D POLARIZATION (Sff DAUBER 69 FOR DETAILED DISCUSSICN)

L LCNDON 66 USES ALPHA-LAMBDA = 0»62
M DATA OF MERRILL 68 INCLUDED IN DAUBER 68»
0 OLD DATA NOT INCLUDEO IN AVERAGE

~ ~ ~ » ~ ~ ~ » ~
0»407 0 037

6/68
6/68

'6/68
6/68
6/68
6/68
9/66
6/68

6/68

0
0

D
0
0 AVG
D F IT

23 6 ' 8
45 (6 ll
88 6 ~ 1
29 6 ' 9

~ » ~ »

b»34
6 ' 5&

T 24 3 ~ 9
T 45 (3 ~ 5)
T 101 2 ~ 5
T 80 3»0
T 340 3 ~ 07
T ~ » ~ »
T AVG 3»03

1~ 6
f 1»6)

0 ' 9
2»2

JAUNEAU 63 FBC
CARMCNY 64 HSC
PJERRCU &5 HRC
LONDON 66 HBC

REP BY PJERROU 65
11/67
6/66

0»74
0.68

AVERAGE (ERR CR INCLUDES SCALE FACTOR OF 1»0)
VA{UE' FROM CONSTRAINED F f7 6/68

23 XI 0 L IFETIME (UNITS IOee-10)

I ~ 4
{I'D)

0 ' 4
0 5
0 ~ 22

0~ 80 JAUNE AU

(0»8) CARMCNY
0»3 HUBBARD

PJERRCU
0 20 DAUBER

63 FBC
64 HRC
&4 rrRC
65 HRC
69 HRC

REP BY PJERROU 65

11/67
6/68

~ ~ ~ » ~

0 18 0 16 AVERAGE {ERROR INCLUDES SCALE FACTOR QF 1 ~ 0)

PHI ANGLE (SIN(PHI)/COS{PHI }~SETA/GA)rMA) {DEGREES)
0 (-16~ 0) (45»0) JAUNEAU 63 FBC SEE NOTE D BELOW
C 62 t45 ~ 0) (36 ~ 0} SCHNE IDER 63 HBC SEE NOTE D BELOW

356 54 ' 0 30' 0 CARrrONY 64 HBC SEE NOTE D BELOW
1004 0 12 BERGE 66 HBC SEE NOTE 0 BELOW

L 364 0 ' 0 20»4 LONDON 66 HBC SEE NOTE 0 BELOW
M 2529 (9~ 8) (11»6) MERRILL 68 HBC

2781 -14~ 11 DAUBER 69 HSC SEE NOTE A BELOW
A USED ALPHALAIBDA = 0 ~ 647 PLUS OR MINUS 0 ~ 020
0 ERRORS MULTIPLIED SY 1 2 DUE TC APPRCXIrrATIONS USED FOR XI
D POLARIZATION ~ t SEE DAUBER 68 FOR OETAILCD DISCUSSION)

L LCNDON 6& USES ALPHA-LAMBDA = 0 ~ 62
M DATA OF MERRILL 68 INCLUDED IN DAUBER 68»
0 OlD DATA NCT INC{.UDED lk AVERAGE»

» ~ »»»»»»»
AVG 3 0 9 1 AVERAGE {ERROR INCLUDES SCALE FACTOR CF 1.3)

(SEE IDEOGRAM BELD'W )
&eeeee aeeeeeeea «eeaeeeee eeeeeeaee eeeaeeee» eeeeeeee» ceca eeeee eeeeeeee

6/68
6/68
6/68
6/68
6/68 P 1
6/68

P3
P4
P5
P6
P7
PB

XI 0 INTO
XI 0 INTO
XI 0 INTO
XI 0 INTO
XI 0 INTO
XI 0 INTO
XI 0 INTL
XI 0 INTO

LAMBDA
PROTON
PROTON
SIG&A+
5 IGMA

5 IGr(A+
SIR'AA-
PROTON

P IO
P I-
E NEU
E- NEU
F+ NEU
)rU NEUT R INC
rrU+ NEUTRINO
MU- NEUTRINO

23 XI 0 BRANCHING RATIOS

23 XI 0 PARTIAL DECAY MCDES

0
0
0
0
0
0

DECAY MASSES
1115+ 134
938+ 139
9 38+ ~ 5+

1189+ 5+
1197+ ~ 5+
1189+ 105+
1197+ 105+
938+ 105+

REFERENCES

22 Xfj, t1321 ~ ,JP~1/2 1 I»1/2

Rl 'XIO INTO {PROTON PI-)/(LAMBDA P IO) (UNITS 10ee-3) (P2)/{PI)
Rl (27 ~ 0) OR LESS T ICHO 63 HBC
R1' (5 ' 0) CR LESS HUBBARD 66 HRC
Rl (0»9) OR LESS DAUBER 69 HBC

6/6 8
6/68
6/68

FCWLER
WANG

BROMN

61 'PRL 6 134
61 JETP 13 512
62 PRL 8 255

FOWLER rBIRGEr EBERHARDr ELYr GOOOr POWELL+t LRL)
K WANGr T WANGrVIRYASCV ~ TINGrSCLOVEV+ (JINR)
SROMNrCULWICK ~ FCMLERrGAILLCUO + (BNL+YALE)

R2
R2
R2
R2

XIO INTO (PROTON E- NEU)/(LAMBDA P IO) (UNITS 10ee-3) (P3)/tpl)
(27 ' 0) OR LESS 7 ICHO 63 HSC

(6 ~ 0) OR LESS HUBRARO 6& HSC
(1~ 3) OR LESS DAUBER 69 HSC

6/68
6/68
6/68

CARMONY 63 PRL 10 381
FERRO-LU 63 PR 130 1568
JAUNE AU 63 S lENA CONF

ALSO 63 PL 5 261
SCHNEIOE 63 PL 4 360

CARMONYrPJERROU (UCLA)
FERRO-LUZZI RALSTON»ROSENFE'LO ~ MOJCICKI {LRL)
JAUNEAU+ (PARIS+CERN+LONO+RUTH+BERGEN 1

JAUNEAUyMORELLET+ {EPrCfRNrLONrRUTHrBERGEN)
H SCHNEIDER (CERN)

R3
R3
R3
R3

XIO INTO (SIGMA+ E- NEU)/tLAMBDA PIO) (UNITS IOee-3} (P4)/(Pl)
t 13»0) OR LESS T IC HC 63 HSC

(7 ~ 0) OR LESS HUBBARD 66 HSC
(1~ 5) OR LESS DAUBER &9 HBC

6/68
6/68
6/68

See the i(tustrated key preceding the data card listings.



PA&~tcLE D&TA GRGUP borrow of ParljoioPropollsss

STABLE PARTICLES

I27

Data ln parentheses have not been included in our averages.

R4
R4

R5
R5
R5

Rb
Rb
R6

R7
R7
R7

INTO (StGMA- E+ NEU)/(LAMBDA F 10) lUNITS laff 3) (P5)/(Pl)
I 6 ~ 0) OR LESS HUBBARD 6&,HSC
(1»5) OR LESS DAUBER 69 HRC

XIO INTO t SIGMA+ MU NEU) /TOTAL (UNITS 10ff 3) (P6)/TQTA(.
(7 ~ 0) OR LESS HUBBARD 66 HSC
(1 5) OR LESS DAUBER 69 HBC

XIO INTO (SIGMA MU& NEU)/TOTAL lUNITS 10ff-3) (P7)/TOTAL
(6 0) OR LESS HUSBARO 66 HBC
(1~ 5) OR LESS DAUBER 69 HSC

XI 0 INTO (PROTON MU- NEU) /TOTAL (UNITS loff-3) {PB)/TOTAL
(6' 0) OR LESS . HUBBARD 66 HBC
(1 ~ 3) OR LFSS DAUBER 69 HSC

6/68
6/6 8

6/68
6/68

6/6 8
6/68

6/6 8
6/68

)(EIGHTEO AVERAGE 1672 48 4 0 52
ERROR SCALED BY i 0

23 XI 0 DECAY PARAMETEIt

A ALPHA XI 0
A 0 ' 09 0 46 PJERROU 65 HSC SEE NOTE
A 146 -0»13 0 ' 17 SERGE 66 HSC SEE NOTE
A L 46 -0»2 0 ~ 4 LONDON 66 HBC SFE NOTE
A M 490 ( 0 ' 33) (0 ~ ll) MERRILL 66 HBC SEE NOTE
A A 739 0 43 0 ' 09 DAUBER 69 SEE NOTE
A A USED ALPHALAMBDA = 0 ' 647 PLUS OR MINUS 0 020
A D ERRORS MULTIPLIED SY l»l DUE TO APPROXIMATIONS USED FOR XI
A D POLARIZATION» {SEE DAUBER 69 FOR DETAILED DISCUSSION)

L LONDON 66 USES ALPHA-LAMBDA = 0 ~ 62
A M MERRILL 66 REPLACED BY DAUBER 69
A ~ ~ » ~ ~ ~ ~ ~ ~

A AVG -0 351 0 ~ 077 AVERAGE (ERROR INCLUDES SCALE FACTOR

F PHI ANGLE (SIN(PHI)/COS(PHI) SETA/GAMMA) (DEGREES)
F 146 -8» 30~ BERGE 66 HSC SEE NOTE
F M 490 ( 107' 0) (46»0) MERRILL 66 HBC SEE NOTE
F A 739 38' 19' DAUBER &9 Hr)C SEE NOTE
F A USED ALPHALAMSDA ~ 0 ~ 647 P(.US QR MINUS 0 020

D ERRORS MULTIPLIED BY 1 ~ 2 DUE TO APPROXIMATIONS USED FOR XI
F 0 POLARIZAT(ON t SEE DAllBER 69 FOR DETAILED DISCUSSION)

M MEllR ILL 66 REPLACED SY DAUBER 69
~ ~ r ~ »»»»»

F AVG 24»8 20»8 AVERAGE tERROR INCt. UDES SCALE FACTOR
(SEE IDEOGRAM BELOW )

D BELD'W 6/68
0 BELOW 6/68
0 BELOW 6/68
D BELOW 6/68
A BELOW

QF 1»0)

D BELD)( 6/68
0 BELOW 6/68
A BELDl{

OF 1 ~ 3)

1665 1670
0))EGA- ){ASS

~ ~ » ~ ~ ~ ~ ~ SPETH
SCOTT'ER
SCHULTZ

~ . . PAL)IER

1675 1680 i685

69 HBC
88 HBC
68 HBC
68 .HBC
84 HBC

CHISQ
'0»2
i ~ i
0 ~ 7
0.7
2 ~ 8

{CO){LEU
=0»426)

WEIGHTEO AVERAGE = 24.8 + 20.8
ERROR SCALEO BY 1-3 24 OMEGA~ LIFETIME (UNITS 10ff-10 SEC)

AUBER
ERGE

-100 -50 0 50 100 150
PHI ANGLE {OEGREES) )(I 0

69 HBC
66 HBC

CHISQ
0 ~ 5
1 ' 2
1 ~ 7

{CONLEU
=0.195)

T A
T A
T A
T A
T A
T A

T A

T A

7 A
T A
T A

Y. A
T A
T A

T A
T A
T A
T A
T A

T
T

1 t 1 ~ 63)
1 (0»7)
1 (1»4)
1 (1~ 85)
1 (1~ 5)
1 lo ~ 93)
1 (?»6)
1 {1%6)
1 {0~ 21)
1 (I ~ 20)
1 {0»06)
1 {0~ 63)
1 (0» 25)
1 (0 ~ 30)
1 {0' 71)

'(0»08)
1 {1' 04)

(2 ' 38)
ALLISON INCLUD
21 1 ~ 31

1 (2»3)
(0 31l

ES AI. L ABOVE + 3
O»37 0 ' 24

24 OMEGA PARTIAL DECAY MODES

Pl OMEGA IhlTQ LAMBDA K
P2 OMEGA- INTO XI 0 P t-
P3 OMEGA- INTO XI PI 0

DECAY IIIASSES
9 38+ 105+ 0
938+ 105+ 0
938+ 105+ 0

ASRAM S 64 HSC
SARNE S 1 64 HSC
BARNES 2 64 HSC
COLLFY 65 Hr)C
RICHARDSO 6% HSC
ASCLV COL 68 HRC
ASCLV CCL 68 HSC
ABCLV CCL 68 HSC
ABCLV COL 68 HSC
SCHULTZ 68 HBC
SCHULTZ 68 HSC
SCHULTZ 68 HBC
SCOTTER 68 HBC
SCOTT ER 68 HBC
SCOTT ER 68 HSC
SCQTTER 68 HSC
SCOTT ER 68 HSC
SCOTT ER 68 HRC
MORE BNL EVENTS r UNPUBLISHED ~
ALLISON 68 RVUE
SoETH 69 HSC
SPETH &9 HSC

7/66
7/66
7/66
7/66
?/.66

11/67
11/67
11/67
11/67
I I/6.7
11/67
I I/67
6/6 8
6/6 8
6/68
6/6 8
6/6 8
6/6 8
6/6 8
6/68

10/69f
10/69f

PALMER
DAUBER

68 PL 268 '323
69 PR 179 12&2

ALVAREZ 59 PRL 2 215
JAUNEAU 63 5IENA CONF 1

ALSO 63 PL 4 49
TICHO 63 BNL CONF 410

CARMONY 64 PRL 12 482
HUBBARD 64 PR 135 8 183
PJERRCU 65 PRL 14 275
PJERROU 65 THESIS

SERGE 66 PR 147 945
HUBBARD 66 UCRL 11510
LONDON 66 PR 143 l034
HERR tLL 66 BERKELEY CONF

~CF ~ 66 UCRL 16455

REFERENCES

23 X'I 0(1314rJP=I/2)1~1/2

ALVAREZrEBERHARDrGOCDrGRAZIANQrT ICHO+ (LRL)
JAUNEAU+ (PARIS+CEltN+LOND+RUTH+BERGEN)
JAVNEAU+ (PARIS+CERN+LQND+RUTH+BERGEN)
HAROLD K TICHO '(UCLA)

CARMQNY ~ P JERRCUr SCHLE INr SLAT ER r STORK+I UCLA)
HUBSARDr SERGE rKALBFLEI SCHrSHAFER + (LRL)
+ SCHL'EIN SLATER, SMITH STORK TICHO (UCLAl
G M PJERRQU tUCLA)

BERGE( EBERHARDr HUBSARDr MERR IL(. + {LRL)J RICHARD HUBBARD (THESIS ~ BERKELEY) tLRL)
LONDON RAU GOLDBERG ~ L ICHTMAN+ (BNL+SYRACUS)
MERRILL r SHAFERr SERGE (LRL)
DFANE MERRILL (THESIS r SERKELEYl (LRL)

PALMER r RAQQJICIC r RAVr R tCHARDSON+ (BNL r SYR)
+SERGE, HUSSAROr MERRILL, MILLER I LRL l

Rl
Rl
Rl
Rl
RI,

R2
R2
R2
R2
R2

R3
R3
R3

24 CMEGA BRANCHING RATIOS

OMEGA- INTO LAMBDA K-
2 EVENTS
3 FVENTS
5 EVENTS 1 AMSIG» XIO PI
6 EVENTS

QMFGA- INTO Xlo PI-
1 EVENTS

EVENTS
3 EVFNTS
1 EVENT

PALME R
SCHULTZ
SCOTTER
8 PE TH

ABRAMS
PALrrE R

SCOTT ER
SPETH

Pl
68 HBC
68 HBC
68 HSC
69 HBC

P2
64 HSC
6() HSC
68 Hl)C
69 HSC

OMEGA- INTO X I- P 10
1 EVENT
1 EVENT

PALMER 68 HBC
SCOTTER 68 HBC

27 EXAMPLES OF OMEGA — DECAYS HAVE SEEN REPORTED» 16 HAVE
DECAYED INTO LA~BOA K 9 INTO X)0 PI ~ ? INTO XI Plor AND ONE IS
A&SIGUQUS BETWEEN LAMBDA K Ako XIQ PI ~
1 RNL EVENT HAS NOT BEEN OESCRIREO ~

11/69f
I I/69f
11/6 9si
11/69s'

11/69f
ll/6 9f
11/69f
Il/(i 9«

11/69f
ll. /69f

ffffff ff
ffffff fffffffff fffffffff fffefffsf ffffsffff fffffffff ffffffffffffffff fffffffff fffffffff fffffffff fffffffff fffffffff ffffffff

ffffffff

)I

M

M AVG

24 OMEGA- (1675r Jpi3/2+) Iio
QUANTUM NUMBERS ASSIGNED FROSr SU3

THERE ARE 28 RCPORTEO OMEGA EVENTS
SEE PREVIOUS EDITION I RMP 41 109) FOR MORE DETAILS

24 OMEGA MASS tMEV)

1(162' Ol
1 1673~ 0
3 1673»3
3 167148
5 1674» 2
6 1671~ 9

~ »»
1672»49

INTO XI Plo
K-P 4 6 ~ 5 GEV/C 11/69f
K P 5»5 GEV/C 11/69f
K P 6 ~ GEV/C ll/69f
K-P 10» GEV/C 11/69f

{25~ 0) {10»0) EISENBERG 54 EMUL
8 ~ 0 ASRAMS 64 HBC
l»0 PALMER 68 HRC
0.8 SCHULTZ 68 HBC
1~ & SCOTTER 68 HSC
1»2 SPETH 69 HBC

~ »» ~ ~
0»52 AVERAGE (ERROR INCLVDES SCALE FACTOR OF 1»0)
{SEE lDEOGRAM BELOW )

REFERENCES
24 OMEGA t 1675r JP~3/2&) I &0

EISENBER 54 PR 96 541 Y EISENRFRG
ASRAsrS 64 PRL 13 670 + SURNSTFIN ~ GLASSER + tMARYLAND+USNRL)
RARNES 1 64 PRL 12 204 V E SARNES ~ CONNOLLYyCRENNELLrCULWICK+ (SNt. )

V F. RARNES CONNOLLYrCRENNELL CULWICK+ {BNL)
COLLEY 65 PL 19 152 COLLEYrDODO + (BIR+GLA+IC+MUNtQXFtRHEL)
RICHARDS 65 r)APS 10 115 R I CHAROSDNr Sh RNES r CR Er(NEL+ (SNL+SYRACVSE )
SAMIOS &5 ARGONNE CONF 189 N P SAMIOS ((RVUE) BNL)

ABCLV CO 68 NUC PHYS 84 326 AACHEN+BERLIN+CERN+LQNDON IMP»COLt. »+VIENNA
ALLISCN 68 PRIVY COMM ~ JOHN ALLISON
PALMER 68 PL 268 323 PALMERrRAOOJICICrRAUrRICHAROSON+ (BNLrSYR)
SCHULTZ 68 PR 168 1509 SCHULTZ+ I ILL ~ ARGQNN= ~ NORTHWESTERNrl(ISC)
SCOTTER 68 PL 268 474 SCOTTER+(B(RM ~ GLASGOW ~ IC LONDONrMVNICHroXF)

69 PL 298 252 SPETH+ (AACHEN ~ BERLIN ~ CERh LQNQONrVIENNA)

ffffff ffffff
fffffffff fffffffff sfsffffff fffffffff ffffeffff ffffffffffffffffff fffffffff fffffffff fffffffff

ff ffffffff

See the Stustrated key preceding the data card listings.
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MESON RESONANCES
Data i» parentheses have sot been included in our averages.

COOC EVENTS QUANTITY ERROR+ ERROR- REFERENCE YR TECN SIGN COMMENTS DATE
ABOVE PUNC HED

BACKGROUND

PI MESON I JPG~O ) l&L

SEE LISTING OF STABLE P4RTICLES

fact that all such analyses of the m p~+ m n

reaction {CLEGG 67, GUTAY 67, MALAMUD

67, WALKER 67, JOHNSON 68, JONES 68,
MARATECK 68, GUTAY 69} find the S-wave

tftff f ~ttfft111 tet 1tfftf 11~111111111111111 ftff'1' ~111 111111111ttffftff
111111111111111ttfttf aft 111111ffffffftffff ftffttftt ttfttftff tfftffff

7 SIGMA MESON (CLOI JPG~Ott) ! i 0

NO EVIDENCE FOR RESONANCE
OstITTEO FROM TABLE
SEE NOTE ON ETA 0+(700)

ff tfffftfff 111111111fff11tttf fetftfffe fffffftff fftteffff tffttftf
REFERENCES ON SIGMA

SAMIOS 62 PRL 9 139
BLOKHINT 63 JETP 17 80
SOOTH 63 PR 132 231C
KIRZ 63 PR 130 2CBL

SARISH 6C PR 135 8 C16
CRAWFORD 6C PRL 13 C21
OEL FABR 6C PRL 12 67C
KALMUS 6C PRL 13 99

+BACHMAN ~ LEAt {BNL+CCNY+CO+KY )
SLOKHINTSEVA ~ GRE IS INN IK ~ ZHUKOV + {DUB({A)
+ ABASHI AN {LRL)
+SCHiiARTZ + TRI PP {LRL )

SARISH KURZ ~ PEREZ-MENOEZ ~ SOLOMON (LRL)
+GROSSMAN ~ LLOYD ~ PRICE IF OWL ER {LRL )
DEL FABRO ~ DE PRETISI JONES+ FRASCATI
+KERNAN ~ PU ~ POWELLrOOWO tLRL+'WISCONSIN)

SIRGE 65 PR 139 8 1600 +ELY+GIDAL+KALMUS+CAMERLNI+ {LRL+WISC)
BROWN 65 CORAL GABLES 219 BltOWN+FAIER {NORTHWESTERN )
WOLF 65 PL 19 328 WOLF (OESY)

JACOBS 66 PRL 16 669
KOPELMAN 66 PL 22 LLB
LOVELACE 66 PL 22 332

ANDERSON 67 PRL LB 89
CORBETT 67 PR 156 LC51
MALAMUO 67 PRL 19 1056
WALKER 67 PRL .18 630

+SELOVE {LRL)
+ALLEN ~ GOODEN ~ MARSHALL + {COLORADO+IOWA)
LOV E LAC E r HE IN I I DONN AC HI E {CERN)

+FUKUltKESSLER+ {CHI C+ANLtOTTtMCGILL+QMC)
+OAMERELL+MIDO(. EMAS+NEWTON OXFtRUTHERF
E~MALAIsUD + P ~ E ~ SCHl. EIN (UCLA)
+CARROL(. ~ GARFINKELIOH (WISCONSIN)

BANDER
BISWAS
EI SENHAN
FOSTER
JONES
MARATECK

68 PR 168 1679
68 PL 27 8 5L3
68 PRL 20 758
68 NP 8 6 107
6S PR 166 LC05
68 PRL 21 1613

(se BANDER ~ G~Lo SHAWI JaR ~ FULCO (UCI+UCSB)
+CASONI JOHNSON ~ KENNEY ~ POIRIE(tt {NOTllE DAME)
EISENHANOLERrMISTRYIMOSTEK + (CORNELL)
+GAVILLET+LABROSSE+MONTANET+ ( CERN+PARIS )
+CALDWELL+ZACHAROV+HARTINGtBLEULErtt {CERN)
+HAGOPIAN ~ + (PENN+LRLtCOLOtPURDtTNTOtWISC)

DAY I SCN 69 PR 180 1333
ELY 69 PR 180 1319
GUTAY 69 NP 8 12 31
ROBERTS 69 PL 29 8 368

+BACAS70W ~ SARKASr+ (R I VS+BERK )
+GIDALrHAGOPIAN ~ + {BERK+(.OUC+W ISC )
+CARMONY CSQIKA LOEFFLER ~ MEI ERE (PURDUE)
R G ~ ROBE RTSr F ~ WAGNER {CERN)

fttfft ffftttetf tt1ttfftf 11111~ftf tfttfffft ftfff1111 fftffttft fftfftff
111ftf 111f1f1f1 tf tff1111 ftf ttt111 ftttet et f et tet f1taft 1111111 1~ftf1tt

LC ETA {5C9r JPG&0 +) I~O

SEE LISTINGS OF STABLE PARTIC(. ES

tfffftftf ftfttf'ttf ttffftfft tffffftff fftffftff ftfttfftf ftffffff
111111~11111111111111111tet et tf11 ftt'f1fet 1 ~111ft111 1111fttf1 11111111

r)et( 700)
7t'71'

LC ETA Ot{TOOIJPG~Ott) Ii0
ALSO CALLED EPSILON {720)

The question of the existence of a mm

resonance in the I = 0 S wave at about 7ZO

MeV is still not entirely settled; in particular
its mass. and width are not well known. The

Although no method of mm phase-shift
analysis is free from serious objections, the

width determinations range from wide (150
MeV) to very wide {400 MeV), the very wide

ones being preferred in recent studies. The

possibility of a very wide resonance was first
advocated by LOVELACE 66, who observed
that, to interpret mN elastic scattering data in

a dispersion-theoretic framework, one has

to assume the exchange of such a m~ resonance
in the t channel.

phase shift &00 to be near 90 deg in the 7ZO-

MeV region is quite impressive. These analy-
ses cannot distinguish between the broad so-
lution (the "down-. up" solution} and the very
broad solutio:.1 {the "up-down" solution).

Similar analyses have been done by
SMITH 69, studying the reaction m n~ m m p

+ +

and comparing the solutions with their m n

~m m p data, and by DEINET 69, who study0 0

0 0the' m p ~ m m n reaction. Both favor the up-

down s olution.

Other direct observations of the m m
0 0

system, although with statistics inferior to

DEINET 69, have been reported by BROWN

68, studying m d ~ m m pp, and by CORBETT+ 0 0

67, FELDMAN 69, and STRUGALSKI 69,
0 0studying v p ~ m m n.

Further support is lent by different the-

oretical models which, when compared with

a multitude of experimental information, re-
quire a very broad resonance. Thus the Venesiano
model has been compared with pn ~ m m m

q ~ 3m, and K ~ 3m data by LOVELACE 68,
with e p ~ m m n and K 4 data by ROBERTS

69 and WAGNER 69, and with pp ~ 4m data by

HOPKINSON 69. DUTTA-ROY 68 compare a

model with the Adler sum rule, the K&-KZ
mass difference, the MALAMUD 67 phase

shifts, backward II'N dispersion relations, and

different K decay phenomena. MORGAN 69

compare forward dis pe rs ion relations with

K 4 data. This list far from exhausts thee4
models that predict the resonance and agree
with s ome s et of expe rimental data.

Thus all information points to the exis-
tence of an S-wave resonance in the region
650 to 900 MeV, or at least 5pp is near 90 deg.
in this region. Above 900 MeV there is little
or no information. All that can be said about

the resonance width is, then9that it is well

over 100 MeV.

See the ilttratrated keY Preceding the data card listings.
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MESON RESONANCES
Data in parentheses havd not been inclt{ded in o{Jr averages.

~ 11111111111111111111111fff 111111f11 f1fffff f1 1111fffff 11111111

REFERENCES

CLARK
C CMN

DUR AND
f CP INC
WOLF
LCVELACE

65 PR 139 81556
65 PRL I 5 906
65 PRL 14 329
65 PL L9 65
65 Pl. 19 32S
66 PL 22 332

+CHRISTENSCNtCRCNIN+TURLAY (PRINCETON)
H C COMN0BUGGt (CRNLtTE4NtUNCARtCOLUtff INS)
L ~ OURANO AND Y ~ T ~ CMIU IYALE)
+GE SSARCL I ~ LE NO INARA+ I BCL+CR SAY+ SACLAY)
G WOLF {DESY)
LOVELACE MME INZ ~ DCNNACMIE ( CERIII)

SANDER
RUHL ER
CLEGG
CCRBETT
GUTAY
M4LAMUD

WALKER
'WALKER

67 PR 155 1675
67 NC 49A 183
67 PR 163 L(i64
67 PR 156 145L
67 PRL LS 142
67 PAL 19 1056
67 PRL LS 630
67 0000P 39 695

M ~ SANDER + G L SHAW
+DALP IAZ ~ MASSAM ~ Z ICHICMI+
I ~ 8»CL E(»G
+DAMER FLL+MIOOLEMAS+NEMTON
+JCHNSCN+LOEF FLER+MCILWAIN+
E ~ MALAMU{' t P ~ E ~ SC)ILE IN
+CARROLL ~ GARF INKEL ~ Otl
W ~ D ~ MALKER

{UCI)
(CERN+SOLCGNA)

{LANCASTER)
CXF+RUTHERF

IPVRDUE+UCRL)
{UCLA)

(M I SccN s IN )
(WISCONSIN)

ARMENISE
BANDER
BRAUN
OUTTA-RD
FCSTER
JONES
JCHNSCN
LCVELACE
MaaATECK
SMITH

OE INET
fELOMAN
GUTAY
HCPK INSC
MORGAN
PolsERTS
SMI TH
STRUGALS
WAGNER

68 NC 54 A 999
68 PR 168 1679
68 PRL ZL 1275
rIB PR 169 1357
68 NP 86 107
6S PP. 166 1405
68 PR I 76 1651
68 PL 28 8 264
68 PRL 21 1613
68 PR L7L 1399

69 LUND CONF'
69 PRL 22 316
69NP8 1231
69 NC 59 I L81
69 NP 8 10 261
69 PL 29 8 368
69 PRL 23 335
69 PL 29 8 5LS
69 CERN TM-1012

+FOR INC+CART ACC It (RAR I +BCLCG+f I RENZE tCR SAY)
t SHAM ~ F ULCC ( UC IRV INE ts ~ BARBARA)
RR A UN 0 C L I NE ~ 5 CHER ER (WISCONSIN)
al ~ PUT TA RDY ~ I ~ R ~ LAP IOUS (Ml)BCKEN ~ NJ)
+GAVILLETtLABROSSE+MCNTANFTt I CERN+PARI 5)
+CALDMELL+ZACHAROV+MARTING+BLEULER+ ICERN)
+POIRIER ~ BLSMAS»GUTAYrDERADC+(No+PURD+SLAC)
C ~ LCVELACF. {CERN)
+MAGCPIANst (PENN+LRL+COLD+PURD+TNTC+WISC)
G I ~ SMITH R ~ J MANNING (UCRL)

tME NZ IDNE0MUL LE(I 0 STAUOENMAI ER ~ + (KARL+CERN)
tf RAT I ~ GLEE SON ~ HALPERN 0 NUSSSAUM0+ I PENN)
tCARMANYyCSCNKA0LDffFLER ~ MEIERE (PURDUE I
J ~ HOPK IN SON ~ R »Ge Ros(FRTS (CERN)
0 ~ MDRGAN ~ G ~ SMAM (RMEL)
RE G ROBERTS ~ F ~ MAGNER ( CERN)
G. A. SMtTH, R.J.HANNING {MICH+LRL)
tCHUV I LC ~ F ENY YES 0+ ( WAR 5 tJ INR+ BUDA )
F ~ WAGNER {CERN)

p(v{)5} 9 RMC l 765 ~ JPG M I-+) I &1

9 RHD MASS (MEV I

THERE ARE WIDE FLUCTUAT ICNS IN THE HEASURE 0 VALUES FOR MASS AHO 'WIDTH lCF

THE RMO OUf TO Dlf fERENCES IN PRr)DUCT ICN 0{ECMANISM ~ BACKGROUND ~ METHOD
OF AIIIALYSIS AND PARAHE TR IZAT ION UNCERTAINTIES (4 THEORY GIVE RI SF. TC
SYSTEHAT IC ERRORS OF ABOUT 20 MEV IN HASS AND WIDTH

THE FCLLCIIING 8 ENTRIES ARE THE IIICST SIGNIF ICANT CHER THEY ILLUSTRATE
THE DISCREPANCIES ~ ANO AR'E ALSO REPEATED IN FCOTNOTF. tC) Cf THE srESCN
TABLE»

1 AUGUSTIN2 69
2 AUSLANDER eB
3 BATON 67

MILAHUD 67
5 lrIRATECK 68

6 PISUT 68
7 RCOS 69
8 SCMLE IN 68

IRHO 0 FROM E+E COLL ~ BEAMS)
{RHC 0 FRCIII E E+ COLLIDING BEA'MS)
{RMD - IN CHEW-LOW EXTRAPOLATION AND PMASE SHIFT ANALYSIS)
IRHO 0 FROM PION-PION PHASE SHIFT ANALYSIS) )0455 ~ NC M{0TH
{RHQ '0 IN CHEW L{)M EXTRAP ~ + PHASE SH» ANAL ~ ) WIOTHr NO MA

NO MASS
I CCMPILAT ION ANO DISCUSS ION OF 'RHC+-0 IN Pl N CDLLI SICNS)
{CCMPILATICN Of RHC 0 FROM E+ E COLL toING SEAMS)
(RHO 0 FROM PION DION PHASE SHIFT ANALYSIS) WIDTH ~ ND HISS

H+ C)»ARGE
M+ R
alt
M+ R

R
Mt R
M+
sat
H+ IVG

PLUS ONLY
t Teo. o)

74IO»
( 165~ 0)
I 783~ 0)
l758 ~ 0)
777~ 0

~ ~ ~ ~

171%4

le 0)
10
{5' 0)
(6»0)

{10~ 0)
7 0

~ ~ ~ ~
S ~ 0

CAR MDNY

ARHEN ISE
ALf F-STE I
JAMES
JAsrf 5
ASC COLL

64 HBC +
6$ MBC, +
bb HSC
66,H BC
db HRC +
68 MSC +

3 ~ 5 Pltf ~ TCUT
2 ~ 8 Pl+P
2-3 Pl+ P
2 ~ 1PI+P
2 ~ I Pl+0 TCUT2 ~ 5
S Pl+@ TC P+3P I

AVERIGf. IERROR INCLUDES SCALE FACTOR OF I ~ 4)

~11111 f1effffff 111111111fffffffff 111111111fffefffff
1f1f11 111111111111111111fffffff1 1 *af1ff 111 fffff ftfa ffffffff1 11ffffff

6/e{
6/66
8/66
5/e 8

MP
HO

Hp
MP

Hp
MQ

MP

MQ

MQ

MP

MP
MP

MP

MQ

MO

Mp

MP
MP
MQ

Mp

MO

Ho
Mp

MQ

HQ

MQ

HP
MP

MO

MP

Mp
MP
IM0

sto
Mo
HO

MO

Mp

Hp
MP

MQ

MQ

MQ

Mp
Mo
Mp
MP

Mo
Mp

Q
MO

MP

Mp
MQ

Mp
st 0
MQ

MO

MO
~to
Mp
MQ

MO

Mo
MO

Mp
MQ

Hp

NEUTRAL
190

R 300
160

R 500

ONL Y
{750~ 0)
I760»P)
(715~ 0)
t770 ~ 0)
(7'35 ' PI
\ 750» 0)
(763 ' 0)
{750 0)
768.0

(750~ 0)
(751 ~ )
(728 ' 0)
(773 ~ 0)
(115~ 0)
( 170»0)
l770 ~ )
( 763~ 3)
{758 ~ 0)
(765 ~ 0)
I 160~ 0)
765 '

( 764 ~ 0)
AUSLANDER

(76S ~ 0)
145~

750 '
(755 ~ )

WIDTH UNU

l752 )
SELECTION

(78L ~ )
(728 ~ 0)
774 ~

(761 ' )
t765 0)
(76' 0)
{770 ' 0)
{777~ 0)
770» 0

{775 ~ 0)
(762 ' 0)
(754 ~ 0)

SEE ALSO
763 '
745 0
776.
775 ~ 0

( 765 ~ 0)
(745 0)
( 760» 0)
I 749» 0)
{761 ~ 0 I
l750 ~ 0)
( 780» 0)
{760%0)

766 ~

{740%0)
{770' 0)
773 ~ 5
AUGus T IN
INCLUDES

( 768» )
HA I 55 INSK

1755' 0)
770»0

» ~ ~ % ~

769 ~ 0
4

MARGES
(152~ 0)
( 755 ~ 0)
744 ~

775 0
~ ~ ~ ~ ~
773 ' 5

62 HSC
63 MBC
63 HBC
64 tlSC
65 DBc
65 CSPK
65 DBC
65 HBC
66 HBC
66 HBC
66 HRC
66 MSC
66 MSC
66 HBC
66 MBC
66 MSC
66 MBC'
66 MSC
66 HBC
66 HBC
61 CNTR
67 OSPK
R 67
67 MBC
67 MBC
67 MSC
67 tlsc
ER WIDTH
67 M BC

SAM IC 5
ABOL I NS
GUIRAGCSS
GDLDHABER
ALYEA
CLARK
OERIDC
GUTAY
ACCENSI
ALFP STE5
BALTA Y
CAMSR IDGE
CASCN
HAGOP I ANL
I0AGCP I ANZ
MAGOP I AN2
JACOBS
JACOBS
JA0{ES
WEST
ASSURY 2
AUS LA NDE R

OF 4VSLANOE
BACON
BAR LCW
OANYSZ
OANYS Z

EE BELCH UND
DANYS 2

(20 0)
{Lp 0)

04 ~ 7 PI
0 3 ~ 5 PltP
0 3 ~ 3 PI P
0 3 ~ 7 PltP
0 F 2 K P
0 1 ~ 5 Pl P
04 ~ OPI P'

0 2 ~ 0 Pl- P
0 5 ' 7 PBARP
0 2~3 Plt
0 0 ~ 0 P8ARP
0 I 0-6 ~ Q GAMMA P
07 ~ OPI P
0 3 '0 PI P
0 2%14 Pl-P

2 ~ 1 P I ~ TCVT 12
0 2 3P I
0 2 3PI-07 CUT 20
0' 2.1 PI+ P
0 2»1' Pl 'P

0 GAHHA t PB
0 E+E- COLL ~ BEAMS

(10 0)
(10 0) 6/ee

7/691
6/66
6/66
6/66
6/66

Lp/66
9/66
6/66
9/61
2/67
6/68
ales
6/66

10/66
8/67

LQ/67

I 15 ~ 0)
14»0
I5eo)
(6 ' )
(8 ~ 0)

( 12%0)
(5 ~ 0)
(5 0)
(5 ' )
(6 0)
(7 ' 5)
(8%0)
(3' 0)

5 ~

{LL~ 0)
68 15 UPDATING
(2 ' 0)
9 ~

Lo ~

(5 ' )
SUALLY SMALL 0{1' )

CN CIIEGA ~

13 ' )
(e.o)
3~

(3~ )
(4eo)
(2 0)
t4 ~ 0)
(5%0)
3 ' 0

{2~ 0)
I 7%0)
(9eo)

HAISSINSKI 69 ~

15'
5 0
5 ~

3»0
(6%0)

(13 0)
(9 ' 0)
{5' 0)
l6 0)
IS 0)

I 10%0)
(5 ~ 0)

4 ~

{LO 0)
(4 ' 0)

F 4
2 TAKES ACCOUN
DATA OF AUGUST
{10%)

69 IS FIT TO
(15~ 0)

5 ' 0
~ ~ % ~

2 ~ 7 '
AVER

R

5
P
5
R
R

R
7160

R 4201
R

R

0 I ~ 7 Pl-P
p I ~ 2PSARP
P 3.P PR P6 Pl03 ~ 0 PS P ~

'7 PI

9/67
11/66
7/67
7/67

327
M 184

c z4o
C
J
P

1500
R
o
Q
R

0 3 0 PB P ~ 7 Pl 6/6 8

7/691
10/66
7/6 7
7/6 7
7/61
7/6 7
9/66

1 L/67
5/4 8
6/6 8
9/6 8
6/68

E ISNf R 67 HSC
ERBE 67 HBC
ERBE 67 MBC
MUWE 67 HBC
MALAMUD 67 RVUE

It MALAMVO 67 RVVE
MILLER 67 HSC
PDIRI ER 67 MRC

ABC COLL ~ 68 MBC
ARMENISE 68 DSC
ARMEN ISE2 68 DBC

QAUSLA)00)ER 68 CSPK
WMO f IT 5 AUSLENOER 6

BLECMSCMM 68 MSC
CON AL 0 68 MSC
FOSTER 68 MBC .
HYIHS 68 OSPK
JONES 68 OSPK
JDNFS 68 CSPK
JONES 68 DSPK
JONES 68 OSPK
JONES 68 CSPK
JONES 68 CSPK
JONES 6S OSPK
KEY 68 MSC
LAMSA 68 MBC
LANZERCTT 68 CNTR
AUGUST{ 1 69 OSPK

g AUGVSTIZ 69 OSPK
1 CF IlHC-OMEGA INTERF
IN 1 ~

HAISSINSK 69 RVVE
AusLENoER eS oATA

HOTT 69 HBC

7 RCOS 69 RVVE

AGE IERRCR INCLUDES 5

04 ~ ZPIP
0 3 ~ 5-5 ~ 8 GAMMA 'P

0 1 ~ 4 5 ~ 8 GAMMA P
02 ~ 4PI P
0 PttP SEE NOTE Q

0 Pl P ~ SEf NOTE Q
0 2 ~ 7 PI ~ T CUTZQ
0 8 0 PI P
0 8 PI+P TC P+3PI
0 5 ~ 1 Pleo09~ 0 PI+0
0 E+E- COLL»BEAMS

8 DATA
0 GAMMA P ISREMS)
0 1 ~ 2 PS Ptd PR ~
0 PSAR P AT REST
011~ 2 Pl P
0 12PI 0 T LT 2%5
0 LSPI- ~ T LT 2 5
0 ISPI ~ Tzes TD 5
0 12PI sT 5 TC 10
0 LSPI- ~ 1 5 TD Lo
0 12PI 0 TLO TC 15
0 LBPI- ~ TLO TC 15
0 3 ~ 0 Pl- P
0 8 ~ 0 Pl P
0 GAPHI Pt SREMS)
0 E+f COLL»SEAMS
0 E+F.- COLL ~ SEAMS

ERENCE ~ AND

6 /6 8
9/6 8
6/68
9/6 8
5/6 8
5/6 S
5/6 8
5/68
5/6 8
5/6 8
5/68
5/6 S

1L/67
10/66
4/691
8/d 91

5
5
5
5
5
5
5
5

r

E

0 F+ E- COLL ~ 8 E AMS 9/691

7/691
9/6 91

04 ~ 15~ 5KP
0 f tf. CCLL ~ SEAMS

CALE FACTOR OF 2 ~ I)AVG

MIXED
240
290

ALITT I 63 HBC -0 I ~ 6 PI-P
CHIO'WICK 63 MBC + 0 P 0 PBAR P
FRENCH e7 MSC +-o 3-4 PRAR P
JOHNSON 68 MSC -0 3 ~ 7-4 2 P I- P

6/67
7/691

9 ~
ZAP

2%0AVG

wow~» w NQTf, sw ww wow w

AVERAGE {ERRCR INCLUDES SCALE FACTOR Cf I ~ 0)

Mt CHARGE
sst 5
Mt
sat

H+.
sat A VG

PLUS ANO MINUS
I 750%0) I 3~ 0)
7')5~ 10%
730' 11%
782 ~ 5 ~

~ ~ ~ ~ ~ ~ ~ ~ ~
770%0 13' 5

LY

(5 ~ 0)
19» 0
(5 ' 0)
t5 ~ 0)
le 0)
(6 6)

(10 5)
(3' 0)
14 0
l5 col

5 ~

4 ~

lb ~ Ol
I5 ~ 0)
le 0)
le Q)

1~ 9
ll'9 ' 2)

2 STP ANO

~ ~ ~ ~

2 ~ 8

M Cl'ARGE MINUS ON
M {748~ 0)

130 l715%0)
M R t768 0)

772»0
I 740% 0)
l770 Ol

R I 765%0)
6014 I 757~ 6)

R 2775 I 753~ '5)
R l749 0)

M 752 ~ 0
C I755 ~ 0)

Ia 751 '
.764 ~

R l777 ~ 0)
R' I 775~ 0)

M R (168~ 0)
R (773~ Ql

12773 764% 3
M l12773 I 764% 3)I ERRORS ARE

~ ~
IVG 742 8

KENNE Y
GUIRAGOSS
SLI EDEN
F IOEC ARO
HAGCPL INI
HAGOP IAN2
MIGOP IINZ
JACOB 5
JACOb 5
WEST
BINNE R

J)BIT{3{
CLEAR
EISNER
MILLER
MILLER
HILLIER
BATON

1%8 C PISUT
I 3e3 QIPISUT

INCLUDE SYSTEMATIC

d2 HBC
63 HBC
{)5 MH5P
bb DSPK
66 HBC
bb HSC
bb HBC
bb HSC
64I HBC
eb HBC
67 HHS
67 Ms)C

67 HBC
67 HBC
4I7 HBC
67 MSC
67 HSC
68 HBC
68 RVUE
68 RVUE
UNCERTA INT IE

1 ~ 2 Pl-P
3 ~ 3 P. I-P35PI P
2 ~ 5 PI 07 CUTIS
3eo Pl-
2 ~ 14 PI P
2 ~ 14 Pl ~ TCUTL2
2-3P I
2-3P I ~ T CUT 20
2 ~ 1 PI P
I ~ 8 Pl-P0 P+MM

2 ~ 8 Pl-
Pl- P

4 ~ 2 Pl-P
2 7 PI- ~ T CUT 5
2 ~ 7 Pl-0 7 CUT LQ

2 ' 7 'Pl-rT CUT20
2 8 Pl AT CUT13
1 ~ 7-3~ 2P I ~ CTLQ
I ~ 7 3% 2P I 0CTLQ
5 FROM THECR Y

AVERAGE IERROR INCLUDES SCALE FACTOR OF I ~ 8)

SALTIY bb HSC +- 0 0 PBAR P
ALLES SUR 61 HRC +- 5 7 PSAR P
BARLOW 67 MBC +- 1~ 2 PBAR P
FOSTER 4IS HBC + PBAR P AT REST

AVERAGf. {ERRC{l INCLUDES SCALE FACTOR OF 3 ~ 3)

6/66
Lz/ee
11/66
6/{I8

6/66
11/66
6/ee
9/67
9/6 7
6/6 8
6/6 8

10/be
9/67

10/6 7
7/67
9/67
9/66
9/66
9/66
7/691
6/68
e/( 8

W+
W+

W+

Wt
W+

M+

W+
Mt
W+

M+

W+
M+

W+

Wt
'W+

W+

W+.
W+

9 RHC(0) - RHD(+-) MASS CIFFERENCE {MEV)

2 ~ 4 2%1 PISUT 68 RVUE Pl N TO RHO N

9 RHC WIDTH {MEV)

SEE NOTE ON RHC MISS ABOVE

CHARGE

AVG

PLUS CNL Y
90%0

I 77 ' 0)
160 '

t 100 ~ 0)
(177' 0)
{14'0)
149'~ 0

~ ~ ~ ~ ~

121~ 2

lp ~ 0
(20 ' 0)

Loe

( 15%0)
(19eo)

22 ' 0
~ ~ % ~

24»1

SACLA Y
CARMCNY
ARHEN I SE
ALFF- STEI
JAMES
JAMES
ASC C CLL»

6'3 MBC
64 MBC
65 HSC
66 HRC
66 HBC
66 MBC
68 HSC

2 ~ 8 PI+P
3 ' 5 PI+PtTCUT
2 ' 8 PI+P
2-3 Pl+ P
2 ~ 1 Pl+, P
? 1 Irl tr TCUTZ 5
8 Pl+P TO P+3PI

'
elbe
7/66
8/66
5/6 8

AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 3.6)

C)'ARGE PLUS ANO M INUS
5 t150 ~ 0) (30 ~ 0)
5 {150~ 0) ( 30~ 0)

146 ~ 3L ~

I 30% 25 '
145» 10'

~ ~ » ~ ~ ~ ~

AVG 143' 2 8%9

BALTAY 66 HBC
BAL TA Y 66 HBC
ALLES-BOR 67 0ISC
SARLCW 67 HSC
FOSTE R 68 MBC

t 0 ~ 0 PBARP
+ 0 ~ O. PBARP
+ 5 ' 7 PBAR P
+- I ~ 2 P SAR P
+- PSAR P AT REST

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1%0)

6/66
bleb

12/66
LL/66
6/6 8

fRDH CHEW LCM fXTRAPOLAT I CN

tNCLUOEO tN SOnS 69 RVUE
INCLUOEO IN JCHNSCN 68
PMDTOPRCDUCTICN ~ UNCORRECTED FOR PRODUCTION E-DEPENDENCE

OR BACKGROUND INTERFERENCE
FROM PHASE SHIFT ANALYSIS
INCLUOEO IN PISUT 68 RVUE
5-WAVE SREIT-M(GNER FIT ~ CANNOT BE CCI0BINED WITH OTHER VALUES

See the illustrated key Preceding tha data card listings.
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Data in Parentheses have not been included in our averages.

9 RHD BRANCHING RATIOSMae

M

W-

W

W

W

W

M

M-
'H-
'W

W

W
'H

M-

W-'
W-
'H-

MO

HO

HO
HO

WO

HO
WO

MO

WO

WO

WO

MO

HO

WO

MO
HO

MO

MO

MO

MO

MO

HO
WO

HO

MO

WO

MO

HO
WO

WO

HO
'HO

WO

MO

WO

HO

WO

WO

MO
'HO

WO

MO
'WO

WO

MO

MO

WO

WO

WO

WO

HO
WO

WO

WO.

WO

HO

WO

MO

MO

HO

HO
WO

WO

WO

WO

WO

MO

HO
'WO

WO

M

W

W

W
'W

M'

W'

Pl
P2
P3
p4
P5
pe

MINUS ONLY
(125~ Ol
( 180~ 0)
f127 ~ Ol, t5 0)
(150.0) ( 20 ~ 0 l
t130 ~ Ol (20 0)
(135~ 0) (20 ~ 0)
(139»5) {15~ 0)
( 137 1) t?0 0)
(149 0) (13 0)
100' 0 3' 0

(110.0) (9 0)
133 11

t 137~ 0) ( 17 0)
(145' 0) {12' 0)
(153.0) (13 0)
{150»0) (5 0)

147 ' 3 4 ' 0
o e ~ ~ e ~ e e ~

145~ 0 4 6

C)?ARSE
130
98

R
R

R
P. 6014
R 2775
P.

C

R
R
R

12773

AVG

GUIRAGQSS
5QNDA R

SI. [EDEN
HAGOP I ANL
4AGQP I AN2
HAGQPIAN2
JACOBS
JACOB 5
WEST
BANNE R

3RATQN
E ISNE R

MILLER
MILLE R
MILI ER
BATON

3 ~ 9 4P I 5UT

63 HBC
64 HBC
66 MMSP
66 HBC
66 HBC
66 HBC
66 HBC
66 HBC
66 H!?c
67 MMS

67 HBC
67 HBC
67 ffBC
67 HBC
67 HBC
68 HBC
68 RVUE

3 ~ 3
4 ~ 1
3-5
3 ~ 0
2 14
2 ~ 14
2-3P
2-3P
2 1
I ~ 8
2.8
4.2
2 ' 7
2 ~ 7
2 ~ 7
2 ~ 8
le7-

P I-P
PI-P
PI- P
PI- P

P I-P
P I-t TCUT12

I-
I- ~ T CUT 20
PI- P
PI-Pt PtHM
PI- P
P I-P
PI-tT CUT 5
PI tT CUTLO
PI- ~ T CUT20
P I- P
3 ~ 2PI tCTLO

P. L RHQ INTO 4P I/2P I
6/66
6/ee
9/67
9/6 7
6/6 8
6/6 8

10/66
9/6 7

10/67
9/6 7
9/66
9/66
9/66
7/69»
6/68

RHQ+- INTO (PI+- Pit PI- PIO) / (PI+- PIO)
[0 026)QR LESS BLIEDEN 66 HMSP 3-5 PI- P{0.01)QR LESS DEUTSCHMA 66 HBC + 8 ' 0 PI+ P
{0' 002)DR LESS FERREL 66 4RC +- PI+- P ABOVE 2 ~ 5
Oa0035 0 ' 004 JAMES 66 HRC + 2 ~ I PI+P

P. L

Rl
Rl
Rl
RL

6/6 6
6/66

LO/66
11/66

RHQ 0 INTO (PI+ PI- Pl+ PI-I / t PI+ PI )
(0 008)QR LESS JAMES 66 HBC
[0 0015) QR LESStCL=O»90 LQHRMANN 67 HBC
{0' 002)QR LESS CHUNG 68 HBC

Rl
Pl
RL
RL

0 2 1 PI+P ' 6/66
0 2 5-5 ~ 8 Gat{MA P 10/67
0 3 ~ 2t4 ~ 2 PI P 7/67

11/66
10/66
6/66

10/66AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

9/6 9eNEUTRAL ONLY
190' I 150 0)

R 300 (90 ' 0)
160 ( 175 ~ 0 II

J 96 {210.0)
R 500 (130 0)

110' 0
(130.0)

J (150.0)
S (80 ' 0)

72 ' 0
R {100 0)
5 (174e )
P (175' 0)
5 t57e0)
R [120' 0)
R (130eO)
R (135' 0)
R 7760 (136 4)
R 4207 (122 ~ 2)
R (103 e0)
R ( 173~ 0)

130
8 (93' 0)
8 AOSLANOER
R (148.0)

92 '
327 135'

H 184 (2S ~ )
W WIDTH
Q 240 (80~ 1

0 SELECT
J (166el
R (152 )
M (149.0)
M ( 154~ 0)

5CHLE IN 6
R

' (160»0)
{135~ 0)

165~ 0
R ( 167e 0)

(170.0)
E f 105~ 0)

SEE ALSO
126 '
150e0
132'
145 ' 0

5 (129»0)
5 [169 0)
5 (175e0)
5 [ 157.0)
5 (157' 0)
5 (102eO)
5 t 157~ 0)
S f113' 0)

111'
5 (160' 0)
C14890 (105' 0)
0 (135 0)

122 ~ 0
E fllle0)

1LOe 7
AUGUSTIN
I NCL UDE5

(20 0)
{10~ 0)

62 HBC
63 HBC
63 HRC
64 HRC
64 HBC
es 0 Bc
65 QSPK
65 HBC
65 HSC
66 48C
66 HBC
66 HI?C
66 HRC
66 HBC
66 HBC
66 HBC
66 HBC
ee HBC
6* HI?C
66 HRC
66 HBC
67 CNTR
67 QSPK

67
67 HBC
67 HBC
67 HBC
67 HBC

0 4 ~ 7 PI-P
0 3 ~ 5 PI +P
0 3 ~ 3 PI-P
0 4 1 PI-P
0 3 7 PItP
0 2 ' 2 K P
0 1 5 P I-P
0 4e0 PI- P
0 2 ~ 0 PI- P
0 5 ~ 7 PBARP
0 2-3 PI+ P
0 0 ~ 0 PBARP
0 5-6 GAM P
0 7 ~ 0 PI- P
0 'l ~ 0 PI- P
0 2 ~ 14 P I-P
0 2e14 PI-PtLQW T
0 2-3PI-
0 2-3P I- t'T CUT 20021PI+P
0 2 ~ 1 PI P
0 GAMMA + PB
0 E t E- COLL I 0 ~ BM

SAMIDS
ABQLINS
GUIRAGQSS
8DNDA R

GQL DHABER
ALYEA
CLARK
DER 40Q
GUTAY
ACCENS I
ALFF-STEI
BAI TAY
CAHBR IDGE
CASQN
HAGCP I ANL
HAGQP IAN2
HAGQP I AN2
JACOBS
JACOBS
Jae{ES
WEST
ASBURY 2
AUSLANDER

r!F 4USLANDER
RACON
BARLQH
DANYSZ
DANYS Z

TQ(E+ E-)/{PI+PI ) (UNITS LO«« 4)
SEE NOTE P QN LEPTQNIC DECAY MODES BELOW
0 65 0 ' 14 ASBURY 1 67 CNTR PHQTQPRQDUCTIQN
ASBURY 1 HAS MASS RESOLUTION OF + 15 MEV ~

(0 49) (0 F 08) AUSLANDER 67 QSPK E+E- CQLLIDa BEAM
FROM SIGMA{I?HQ)»L ~ 2+-0 ~ 2 MICRDBARNSe SEE HEIDELS ~ CONF ~ P ~ 353
AUSLANDER 68 IS UPDATING OF AUSLANDER 67

(0 ~ 65) [ lail (0»5) HERTZBACH 67 OSPK ASSUitE SUt 3)+MIXING
NQT SEPARATFD FRQH Ct?EGA DECAY»

(0 53) (0~ ill ASTVACATU 68 QSPK ASSUME SU(3)+MIXING
NOT SEPARATED FROM OMEGA DECAYe ERROR ST4TISTICAL ONLY ~
0 50 0 ~ 10 AUSLANDER 68 QSPK E+E- COLL ID BEAM
0 ' 663 0 F 085 AUGUSTIL 69 QSPK SEE NOTE E
FRQH E+ E COLL ~ BEAHS ~ ASSUMING RHQ WIDTH 1 1 1 MEV

~ ~ ~ ~ ~ ~ ~ ~
0 ~ 604 0 ~ 059 AVERAGE (ERROR INCLUDES SCALE FACTOR CF 1 Ol

R3 RHQ IN
R3 P
R3
R3
R3 8
R3 8
R3 8
R3 H
R3 H
R3 A 33
R3 A
R3
R3
R3
83
P3 AVG

7/694
9/67

20 ~ 0 6/66
10/6 7

7/69«
6/66
6/66 '

6/66
6/66
9/66
9/66
6/ee
9/67
9/67
6/68
6/68
6/66

10/6 6
8/6 7

10/6 7

{15~ 0)
30e 0

(31~ )

10/6&

6/6 8

9/6 8
4/6 9e

(25 0) (15.0)
(10~ Ol
(20 ' 0)
(20 0)
(12»0)
(15~ 0)
(13' 0)
(13 0)

5 ~
(15.0)
68 IS UPDATING

(8 0)
42a
25 ~

(15 l
UNUSUALLY SMALL

(30 ' )
ION Ch CMEGA

(11
tl5 )
(5.0)
(8 0)

8 IS UPDATING 0
{15' 0)
{10 Ol

10' 0
{6' 0)

f10 ' 0)
{20' 0)
HA [55 INSKI 69 ~

20e
13 0
10~

9 ' 0
f19 0)
(41 0)
{30»0)
(16»0)
{19»0)
(25 ' 0)
t 31»0)
[16 0)

8 ~

(10' 0)
(15' 0)
(10 0)

7»0 6 ~ 0
(6»0)

5 3
2 TAKES ACCQUN
DATA OF AUGUST
(14 ' )
UE FROM FIT TD
(r[0»0)
~ ~ ~ e

4»8

RHQ INT0 (Pt ETA)/I2PI)
IO 03)QR LESS DFUTSCHHA 66 HBC t 8 ~ 0 PI+ P 6/66
(0 008) OR LESS FERBEL 66 HBC +- PI+- P ABOVE 2 ~ 5 ll/66

R4
R4
R4

R5
R5 P
R5
R5
R'5 H
R5
R5 C
R5 C
«5 C
R5
R5 W

R5 M

RS M

R5 W

R5
R5 AVG
R
R
R
R

RHO INTO t MU+ MU-)/(PI+ PI-) (UN LOeet 4)
SEE NOTE P QN LEPTONIC DECAY MODES BELOW

f 14eO)DR LESS HERTZBACH 67 QSPK 3 ~ 0 Pl
0 ~ 97 0 ~ 31 0»33 HYAMS 67 QSPK 11 PI LI H
HYAMS HASS RESQL ~ IS ?0 MEV ~ THE OMEGA REGION MAS EXCLUOEO
0~ 59 0 ~ 15 Oe26 WEINSTEIN 67 CNTR PHOTQPRDOUCT ION
SEE DAVIER 68 AND PARSONS 68 FOR PASSIBLE CORRECTIONS OF
UP TD 60 PERCENT FOR OMEGA-RHQ INTERFERENCE ~ WE THEREFORE
INCREASEO THE -ERROR ON MEINSTEIN 67
0 ' 56 0 ~ 15 WEHMANN 69 QSPK 12 PI ON C ~ FE
RESULT CONTAINS (ll +- 11) PER CENT CORRECTION USING SUt 3)
FOR CENTRAL VALUE ~ THE FRRQR ON THE CDRRFCTIQN TAKES ACCOUNT
OF POSSIBLE RHQ OMEGA INTERFERENCE AND THE UPPER LIMIT AGREES
'WITH THE UPPER LIMIT OF (OMEGA INTO MU+ HU-) FROM THIS EXPT»

» ~ a e e a ~ o»
0 62 0 ~ 11 AVERAGE (ERROR INClUDES SCALE FACTOR OF 1 0)

9/67
11/66
7/67
7/67

0 1 7 P[-P
0 1 ~ 2 P BAR P
0 3»0 PR Pt6 PI
0 3 0 PS P ~ 7 PI

10/6 6
6/67

10/67
9/69'
9/69»
9/69«
7/69»

DANYS 2 6/6867 HBC 0 3 ' 0 PB Pt7 P'I

E I SNE R

HUWE

Q MALAMUD

M AL Atl UD

F NALAMUD 67
H ILlE R
PQI Rl ER
ABC COLL ~

ARMEN I SE
ARMFN I SE2
AUSLANDER
C! F I TS AU
BLECHSCHM
DONALD
FDSTF R
HYAMS
JONES
JONES
JONES
JONES
JONES
JONES
JONES
KEY
LAt[SA
LAN ZE RQTT

St HARATECK

Q SCHLE INf RODS
AUGUSTI1

I AUGUSTI2
T OF RHQ QME

IN 1 ~

HAI SSINSK
AUSLENDER 68

MOTT

0 4 ~ 2 PI-P
0 ?»4 Iti P
0 P I-P
0 P I+P

7/694
7!67
7/67
7/67

67 HBC
67 HBC
67 RVUE
67 RYUE

0 2.7 PI tT CUT20
0 8 ~ 0 P!- P
0 8 Pl tP TQ P t3PI
0 5 ~ 1 PI+D090PI+0
0 E+E- CQLI. ~ REAMS

8 DATA
0 GAMMA P ( BR E MS)
0 I 2 PB Pt4 PRe
0 PBAR P AT REST
011.2 Pl- P
0 12PI-t T LT 2 ~ 5
0 LB PI-t T LT 2 a 5
0 LBPI-t T2 ~ 5 TQ 5
0 12PI-t T 5 TQ 10
0 LBPI-t T 5 TQ 10
0 12PI-t TLO TQ 15
0 LSPI-tTLO TQ 15
0 3 ~ 0 PI-
0 8 ~ 0 PI
0 GAHMA P
0 1 ~ 9 3a0 Pl P
01 ~ 6t4 ~ 8 Pl- P
0 E+E- COLL ~ BEANS
0 E+E- COLL BEAMS
0 E+E- COLL' I?EAMS

ERENCEt AND

67 HBC
67 HSC
68 HBC
68 DBC
68 DBC
68 QSPK

SLENDER 6
eB HBC
68 HBC
68 HBC
68 QSPK
68 QSPK
68 QSPK
68 QSPK
68 QSFK
68 QS«K
68 QSPK
68 QSPK
68 HBC
68 HBC
68 CNTR
68 HBC
68 RVUE
69 RVUE
69 QSPK
69 QSPK

GA INTERF

9/66
11/67

5/6 8
6/68
9/6 8
6/68

P —- — NOTE P ON LEPTQNIC DECAY HQDES
P IN EXTRACTING THF BRANCHING RATIOS t THE POSSIBILITY OF INTERFERENCE
P WITH LEPTQNIC DECAYS OF THE OMEGA HAS TQ BE TAKEN INTO ACCOUNT ~

e/68 .
9/6 8
6/6 8
9/6 8
5/68
5/68
5/68
5/68
5/68
5/6 8
5/6 8
5/68

11/67
5/68
9/6 8
9/68
9/69«
4/69«
8/69«

eeeee» e eeeeeeeet geeee«ee» eeeeeeee» eeeeeeeee eeeeeeeee «eeeeeeee eeeeeeee

)?EFERENCES FOR RHQ

ANDERSQNtSANGtBURKE ~ CARMQNYtSCHMITZ (LRL)
V P KENNEY M D SHEPHARD C 0 GALL [KENTUCKY)
SAMIDS BACHMAN LEA+ (BNL+CCNY+CQLUM+KENT)
NGUYEN HUU XUQNGtGERALD R LYNCH (LRL)

ANDERSON 61 PRL & 365
KENNEY 62 PR 126 736
SAM i QS 62 PR L 9 139
XUQNG 62 PR 128 1849

ABOLINStLANDERtMEHLHQPtNGUYENtYAGER {UCSO)
ALITTI ~ BATDNtARHENISE+(SAC+QRSAY»SARI+BOLO)
CHADWICK ~ DAV[EStDERRICK, CREST I + (QXF+PAD)
ZAVEN GUIRAGQSSIAN {LRL)
SACLAY+QRSAYtBARI + BOLOGNA(CQLLABCRATIQN)

ABQLINS 63 PRL 11 381
AL I TTI 63 NC 29 515
CHADWICK 63 PRL 10 62
GUIRAGQS 63 PRL 11 85
SACLAY 63 SIENA CONF 1 239

BATON 64 SIC 35 713 SATQNt BERTHELOTtALLES ~ BQRELll + (CEN+BQLDG)
RQNOAR 64 NC 31 729 SQNDARt (AACHEN+8 I«M+SONN+DESY+I ltp CQL+MPI )
CARMDNY 64 DUBNA CONF 1 48& CARMQNYtHCA ~ I ANGER t NGe H eXUQNGt YAGER (UC SD )
GDLDHABE 64 PRL 12 336 GQLDHASER ~ SRQWNt KADYK ~ 5HEN TR IllING(LRL+UC)

ALYEA
ARMENISE
BLIEOEN
CLARK
DERAOQ
GIJTAY
LANZERQT
WQL F
?DANI 5

65 PL 15 82
65 NC 37 361.
65 PL 19 444
65 PR 139 8 155&
65 PRl 14 872
65 NC 39 381
65 PRL 15 210
65 PL 19 328
65 PRL 14 721

ALYEAt CRITTENDENt HARTIN ~ RHODE + (INDIANA)
SACLAY+QRSAYtSARI+BQLQGNA (COLLABORATION )
CERN MISSING HASS SPECTROMETER GROUP (CERN)
4 CLARK tCQR ISTENSON tCRDNIN ~ TUI?LAY I PR INCETQ I
DERADQ KENSIEY PQIRIER SHEPHAI?0 f NOTRE 04HE)
GUTAYt lANNUTTI ~ TULI (FLORIDA)
L4NZCRQTTI ~ BLUMENTHALt EHNtFAI SSLER +(HARVO)
G WOLF {DESY)
ZDANISt MADANSKYtKRAEHER + (JHU+SNL)

0 E+E- CCLL ~ BEAMS 9/69«E (140e )
ABOVE VAL

5 (130~ 0)
» \ ~ ~ e

A VG 126 ~ 0

69 RVUE
naTa

69 HBC 7/6940 4»l 5 ' 5 K P

AVE![AGE (ERRQI? INCLUDES SCALE FACTOR OF 1.9)

MIXED CHARGES
290 f110 0)

98 ' 30»
154»0 beO

» ~ e e o o ~

AVG 151~ 8 5 ~ 9

CHADWICK 63 HBC
FRENCH 67 HBC
JOHNSON 68 HBC

+-0 0 ~ 0 PBAR P
+ 0 3 4 PBAR

0 3 ~ 74»2 Pl P
6/67
7/69»

66 PL 20 557
66 PR 145 1072
66 PR L45 1103
66 NC 43 71
66 «R 146 994
66 PR 148 1282
66 PL 20 82
66 rtL 21 111
66 PL 23 163
66 Pt? 145 1128
66 PR 152 1183
66 PL 20 91
66 UCRL 16877
ee pR 142 896
66 PR 149 1089

ACCENS I
ALFF-STE
BALTAY
RLIEDEN
CAMBR IDG
CASQN
OEUTSCHM
FERBEL
F IDECARQ
HAGQP IA1
HAGQP IA2
HUSQN
JACOBS
JAMES
WEST

ACCENSI ~ ALLES-BQRELLTtFRENCH ~ FRISK+ (CERN)
ALFF-STEINBERGER BERLEY SRUGGFR+ If:QL+RUTG)
tF'{ANZINI ~ LUTJENStSEVERISIStTYCKC+(COLUMBIA)
CERN MISSING I?ASS SPECTROMETER GROUP (CERNl
CAMBRIDGF BUBBLE CHAMBER GROUP [M [T+HARV+)
N M CASDN (W ISCQNS IN)
DEUTSCHMANNt STEINBERG + (AACH+BERLIN+ CERN)
FERBEL (Rt!CHESTER)
Gtt{ FIDECARQ ~ J POIRIER ~ P SCHI AVON (CERN)
HAGQPIANt SELQVEt4LITTI t BATON+ (PENN+SACLAY)
HAGOPI ANtPAN IPENNSYLVANIAtLRL-BEPKELEY)
HUSQN ALLAPDtDRIJARDtHENNESSY + (QRSAYtEP)
L ~ 0 ~ JACQRS (LRL)
F E JAMES tKRAYBILl . '(YALE+BRQQKHAVEN)
HE ST t BOYD, ER W IN, H ALKER (WISCQNS[N)

ALLES BQRELLItFRENC)ttFRISK ~ + {CERN+BONN)
tBECKERtBERTRAMtJQDStJQRDANtTINGt(DE SY+CQL)
+BECKEP+BERTRAM+JQDS+JQRDAN+T ING+( DESY»CQL )
AUSLANDF 8 t RUOKER ~ PESTOV ~ 5 IDQRQV+ [NCVOS I SIR)
+F ICKINGER ~ HILL tHQPKINS ~ RQBI NSQN+ {BNL)
+FAYQUXtHAMEL ~ ZSEMBERYtCHEZE+ (SACLAY+CAEN)
+LILLESTQL+HQNTANET+(CERN+COF+IR+LIVERPOOL)
J ~ BATON t G ~ LAURENS t Jag'E IGNI ER {SACLAY)
J ~ BATON tGeLAURENS .I»REIGNIER [SACLAY)
tJQHNSTQN+CQQPER»MANNFR+MALKER+(TQtANL»WIS)
DANYSZ+FI? E4CH tS IMAK (CERN)
+JQHNSQN+KLEIN+PETERS+SAHNI+YEN+ (PURDUE)
+BQTTCHER+MQEBEStHARIGEL+LUKE+ (ABBDHHM)
tK INSQN+MCOQNALD+R IODI FORD+ (CERN+8 tRM)
HERTZBACH ~ KRAE'IERt IIADANSKI ~ ZDANIS+t JHU+BNL)

AVERAGE (ERROR INCLUDES SCALE FACTOR OF leO)

NOTES-

FROM CHEW LQW EXTRAPOLATION
INCLUDED IN RQQS 69 RVUE
IhCLUDED IN JOHNSON 68
INCLUDED IN PISUT 68 RVUE
PHQTQPRQDUCTIDNt UNCORRECTED (SEE NCTE P UNDER RHQ MASS)
FROM PHASE SHIFT ANALYS IS
5-WAVE SREIT-W[GhER FITt CANNOT BE CQHBINED MITH OTHER VALUES

9 RHO PARTIAL DECAY MODES
ALLES-RD 67 NC 50 A 776
ASBURY 1 67 PRL 19 869
ASBURY 2 67 PRL 19 865
AUSLANOE 67 PL 25 8 433
BACON 67 PR 157 1263
BANNER 67 PL 25 8 300
SARLQW 67 NC 50A 701
BATON 67 PL 25 8 419

ALSO 67 Nrt 8 3 349
CLEAR 67 NC 49A 399
OANYSZ 67 4C 51 A 801
EISNER 67 PR 164 1699
ERBE 67 NC 48A 262
FRENCH 67 NC 52A 442
HERTZBAC 67 PR 155 1461

(SEE ALSO ZDANIS 65)

DECAY MASSES
139+ 139
139+ 139+ 139+ 139
139+ 0

5+ e5
139+ 548
105+ 105

RHQ INTO 2PI
RHC INTO 4P I
RHD INTO PI GAMMA

RHQ INTO E+ E-
RHQ INTO PI ETA (VIQLATES G)
RHQ INTO MU+ MU

See the illustrated key preceding the data cerd listings.

I?2 RHQ INTO PI GAMMA/2PZ
RZ H (Oa02)QR LESS l.ANZEPQTT 65 CNTR GAS?Ma P{BRE"5)
R2 (0 ' 005)QR LESS FIOECARQ 66 QSPK 0 97 CONF LEV
R2 {0 007)QR LESS HUSQN 66 HLBC — 15 P I-PB
R2 (0 ' 004)DR LESS ERBE 67 HSC 3 ' 5-5 ' 5 GAMMA P
R2 ERBE 67 SUPERSEDED SY GERMAN COLL ~ BELOW
R2 H (0~ 002)QR LESS GER)tAN CQ 69 HBC ae 3 ~ 5-5 ~ 5 GAMsta P
P2 M ONE PION EXCHANGE MODEL USED IN THIS ESTIMATION



pARTzczz DATA GROUp Ressero of Particle Proper(ies

MESON RESONANCES
Data gn Parentheses haT/e not been gnelnded i» ogr aT/erages.

gt{N(e e87 tel 248 252
HYAHS 67 'PL 248'634
LOHRHANN 67 SLAC SYMPeP ~ 199
HALAHUO 67 PRL 19 1056

SEE ALSO MALA)tUO 69
HILLER 6T PR 153 1423
polRIER 67 pR 163 1462
WEHHAhN 69 PR 178 2095
WEINSTEI 67 SLAC SYHPOS ~ PE 424

P 84 501
NC 54A 999

VIENNA CONF' 412
PL 27 8 45

NOVOSIBePRE ~ 243
AUSLANDER 67 l

PR 176 1574
NC 53 A 1045
NC 52 A 1348 )
PR 165 1491
PL 27 8 27
NP 86174
NP 8 6 107
NP 8 7
PR 166 1405
PR 176 1651
PR lee 1430
PR 166 1395
eR 166 1365
PRL 21 1613
PR( 20 1314
NP 8 6 325
PHILA CONF P 161
MALAMUD 69

ASC COLL 68 N

ARHENISE 68
AREEENI52 68
ASTVACAT 68
AUSLANDE eS

(5'EE ALSO
BATON 68
SLECHSCH 68

I SEE ALSO
CHUNG 68
DAY I ER 68
DONALD 68
FOSTER 68
HYAHS 68
JCNE5 68
JOHNSON 68
KEY 68
LAHSA 68
LANZERQT 68
MARATECK 68
pARsoNs 68
PISUT 68
SCHL E IN 68

SEE ALSO

t8(AROUIT+QPPENHEIMER+SCHUI. TZ+WILSON t COL)
+KOCH+PELLETT+POTTER+VONLINDERN+ (CERN+MUN)
+H ILP 8 RT+ I AACH+8 ERLt BONN+HAH 8+HE I 0 tMUN I CH )
E ~ PALAMUD+P ~ E SCHLE IN {UC(.A)

Mll{.EREGUTAYE JQHNSONELOEFFt. ER + I PURDUE)
tBISWASECASONEOERADOPKENNFY+ tNOTROAM+PENN)
+ENGE L St WIL SONG t I HARV+ CASE+SLAC tCORN+MCG I )
ReWEINSTEIN ~ IIAP ~ TALK {CEA+NORTHEASTERN)

I AAC)EENtBERL IN+CERN COLLABORATION)
+GHIOI Nl GFORI hO+ (SARI+ ROLOGN+F IRENZtORSAY)
ARHENI SEr FOR I NO ~ C ARTACC I+ I BAR I+BGNA+F IR 2)
ASTVACATUROVP AZIMOV ~ BALD IN+ (J INR+MDSCOW)
AUSLANDFR ~ 8)UDKER PAHTUSOVA PESTOVt (NOVO)

JAP SATONE G LAURENS
BLECHSCHMIOT ~ DOWDEELSNE Rrt

{SACLAY)
{DESY+MANCH)

5 UMCHUNG ~ 0 I OAHLE JaKIRZEDMH MI(.LER {LRL)
Me OA VIER {SLAG)
+EDWARDS ~ FROOESEN BETTINI+ I {.IVP+OSLO+PAOO)
+GAVILLET+LABROSSE+MONTANET+ {CERN+PARIS)
+KOCHPPOTTER8WILSONGVDN LINDERN+I CERN+HPIH)
+BLEULER8 CALDWELL ~ ELSNER ~ HART ING+ (( ERN)
+POIRIER BISWASEGUTAY, DERADO+(NO+PURDtSLAC)
+P RENT I CE+C OO PE R tMANNE R+WALKE R+ I TO tANL+W I 5 l
+CASON+SISWAS+DERADO+GROVES+ {NOTREDAME)
LANZEROTTIEBLUMENTHALGEHNEFAISSLER +{HARVO)
+HAGOP IAN + {PENN+LRLtCOLO+PURO+TNTD+WISC)
RONALD ED PARSONS' ROY WEINSTEIN(NORTHEAST)
J~ PISUT ~ M+RODS (CEPN)
PETER E ~ SCHLEIN {UC(. A)

AUGUSTI1
AUGUSTI2
GERMAN C
HAI 55 INS
MA(. AHUD
Ee{LLER
sSQT T
RODS
WEHMANN

69 Pt. 28 8 508
69 LNC '2 214
69 DESY 69/19
69 ARGONNE CONF ~
69 ARGONNE CONF
69 PR 178 2061
69 PR 177 1966
69 NP 8 10 563
69 PR 178 2095

481ZOTtBUONtHAISS INSKI+LALANNE+ {ORSAY)
tLEFRANCOIS 8LEHIEANNE MAR IN ~ + [ORSAY)
GERE(AN BUBBLE CHAMBER COLL' {DESY)
J~ HA I 55 INSK I (ORSAY)t P SCHLEIN ~ PREPRINT NAL 29{2050) (UCLA)
R ~ MILLER ~ LICHTMAN ~ WILLMANN t PURDUE)
+AMHAR ~ DAVIS ~ KROPACtSLATEGDAGAN+ (NWES+ANL)
M, ROOSE J~ PISUT tCERN+BRATISLAVAl
+ENGELS ~ WIL SONG t {HARVt CASE t SLAC+CORNtEICGI )

1 QIEEGA MASS (MEV)

H' ' 400
M 64
st 34
"I 220

M 666
Et 2198

155

2400
250
500

M 600
500
400
200

M

A){G

782 ' 0
779 4
784m 0
781~ 0
785~6
786 ' 0
783+4
779+5
784 ' 8
782a4
784~
786m
784»
786 '
TS5 ~

785%
0 1 1 4
783e67

1 ~ 0
1M4
loO
2 ' 0
1 ' 2
1.0
0 ~ 7
1 ' 5
1~ 1
0 ' 5
I~
1~

lo
1~
I ~

2 1
o e ~ ~

0 ' 45 AVERAG
(SEE IOEOGRAH

ALP F
AREGENTERO
ARIGENTEPO
KPAEEeER
HILLER D
JAMES
BALTAY
SARAS H
KEY
BI?ZARRI
OANBURG
DANSURG
DANBURG
OANBURG
OANBURG
OAG(BU RG

62 HBC
62 HBC
63 HBC
64 OBC
65 HSC
66 HRC
67 HBC
67 HBC
68 HBC
69 HBC
69 ORC
69 DSC
69 DSC
69 OBC
69 DBC
69 DSC

E tERROR INCLUDES
BELOW )

2 ' 3-2 ' 9 Pltp
0 0 PBAR P
0+0 PSAR P
I 2 PI+0

SEEN WITH KtK
2 1 PI+P

0 ~ 0 PBAR P
0 PBAP TO KIK1OM
3 P I-P
0 PBAR P
I ~ 2 Pl+D
1 4 PI+ D

Ia7 Pl+ 0
1 ~ 9 PI+ 0
2m 1 PI+ 0
2 3 PI+ 0

SCAlE FACTOR OF I ~ 8)

LIEIGHTED AVERAGE = 783.67 A 0.45
ERROR SCALED BY 1.8

OMEGA MESON

69 DBC

69 DBC

69 DBC

69 DBC

69 DBC

69 DBC

69 HBC

68 HBC

67 HBC

67 HBC

66 HBC

65 HBC

64 DBC

63 HBC

62 HBC

62 HBC

DANBURG
' "DANBURG
' 'DANBURG

DANBURG

DANBURG

DANBURG

BIZZARRI
~ .KEY

'BARASH
' .BALTAY
~ .JAMES

ILLER D

RAEMER

RMENTERO

RMENTERO

LFF

7e4 7ee
MASS {MEV)

792

CHISQ
0.4
1.8
S.5
0.1
S.S
0.1
6.4
1.1
7.7
081
S.S
286
1.8
D.1
9.3
2.8

S0.7
(CONLEU
»-0.000)

eeeeeeeee eeeeeeeeIa eIeeeeeeee eeeeeeeee eeeeeeee» eeet esse» eeleeeee
Ieeeee e «eeeeIeeee eeeeeeee» sIeeeeeee» eeeeeeeee Iseeeeeeee eeeeeeeesI «eeeeI*e»

ro(784) I GMEGE 8788 PPG I I I 8

6/6 6
9/66

11/66
11/67
9/69e
9/69e
9/69e
9/6 9sI
9/69e
9/6 9eI
9/6 94

PI
P2
P3
P4
P5
Pe
P7
PB
P9
P 10
o11

OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
Dss EGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
OsEEGA. INTO
OEEEGA INTO

1 OMEGA PARTIAL DECAY MODES

Pl+ PI PIO
PI+ PI {VIOLATES G)
PIO GAMMA (ONLY NEUTRAL. INPUT TO FIT)
P I+ P I- GAMMA

2PIO GAMMA

ETA GAM&A

E+ E-
MU+ MU

ETA PIO (VIOLATES C)
3 GAEIIEA

P I0 MU+ MU-

DECAY HASSES
139+ 139t 134
139+ 139 ~

134+ 0
139+ 139+ 0
134+ 134t 0
548+ 0

o 5+ ~ 5
105+ 105
548+ 134

Ot 0+
134+ 105+ 105

I OMEGA BRANCHING RATIQS

only takes into account the decay' modes
+ - 0 +

TI TI Tr, m m, and neutralse the latter defined as
m y. In the Meson Table we have also taken into

0

account the upper limits, L. (one -standard-+- 0 0dev'iation values), on the qy, TI' TI' y, and m TT y
decays by treating them as if they were meas-
urement results of value 0 + L..
OMEGARl

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
R1 AVG
Rl F IT

INTO NEUTRAL/(Pl+
OS) 7 Oo04
0 ' 11 0F 02
0 F 08 0 ' 03
OHIO 0 F 04
0 e 134 0+ 026
0+097 0+016
0+06 0 ' 05
0~10 0 ' 03

0 0 ~ 0 ~ 0 ~ ~

0+1043 OM0091
0 ' 1077 0 0077

20
35
*5

850
348

19

PIO)
ARHENTERO
SUSCHBFCK
KRAEMER
ALFF-STEI
0 IG IUGNO
FLATTE

0 ' 02 JAMES
BARASH

63 HBC 0 ' 0 PSAR ts
63 HBC 1 ' 5 K P
64 DBC 1~ 2 Ptto
66 HRC CORR ~ BY SCHULTZ{COL)
66 CNTR 1' 4 rEI-IE
66 HSC 1 ~ 8 K P
66 HSC 2 1 Pl tP
67 HBC 0 ~ 0 PBAR P

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
VALUE FROM CONSTRAINED FIT

9/66
9/66
9/66
6/66
7/67

OMEGAR2
R2
R2
R2
R2 100
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2 FIT

INTO (PI+ PI )/(PI+ Pl PIO) ~ SEE ALSO R12
(0%010)OR LESS BUTTON 62 HSC 1 & PBAR P
{0~07) ALITT I 63 HBC 1 ~ 6 PI-P
{0' 05) OR (.ESS ARMENTERO 63 HSC 0 ~ 0 PBAR P
{0+05) OR GREATER FICKINGER 63 HBC I ~ 7 PI P
{0 05) OR LESS KRAEMER 64 OBC 1 +2 P I+D
{0~ 005)OR lESS lUTJENS 64 RVUE NO INTERFERENCE
{0 018) (0 ~ 012) '(0 ~ 006)WA(. KER 64 RVUE 2 1 Pl-P
{0F 04) OR GREATER BATON 65 HSC 2 ' 8 PI-P
{0+010)OR LESS CLARK 65 OSPK 1~ 5 Pl-P
{0+035)OR LESS MILLER 0 65 HSC
{0' 02) OR LESS ALFF-STEI 66 HBC 2 ~ 9 PI+P
(0 029) (0 011) {0~ 009)FLATTE ee 4BC INTERFERENCE
{0~082) {0~020) FLATTE 66 HSC NO INTERFERENCE

FLATTE 66 SUPERSEDED BY FLATTE 69 BElOW
{Oe0{3)DR LESS RODS 67 RVUE 2 4 PI+P ~ P 3PI
{~ 002)OR MORE ~ 90 PCT CONFFLATTE 69 HSC 1~ 2 2o7 K P

NOT ESTABLISHED WHETHER ANY PI+PI SIGENAL HAS I&0(PISUT 68)

0~036 0 026 VALUE FROM CohSTRAINED FIT

6/66

11/66
9/66
9/66

9/69e
8/690

R3 OMEGA
R3
R'3
R3
R3 FIT

INTO tPIO G4)8)PA) 1 {PI+ PI- PIO)
{0 125) I 0 ~ 025)OR GRTR BARE(IN 64 PXBC
0 ' 13 0+04 JACQUET 67 HlBC

Oa1077 Oe0077 VALUE FROM CONSTRAINED FIT

2 ~ 8 PI-P
10/67

R4 OMEGA INTO {Pl+ PI- GAMMA)/(Plt PI- PIO)
R4 {Oe05) OR LESS FLATTE 66 HBC Ia8 K-P 9/66

R6 OMEGA
Re
R6
R6

INTO (HU+ MU-)/I PI+ PI PIO){UNITS 10&e-3)
{1~2) OR LESS GALTIERI 65 HBC
(1~ 7)OR LESS FLATT E 66 HRC
to ~ 2) OR LESS 'W ILSOh 69 OSPK

2 ' 7 K P
leB K-P
12 PI ON CEFE

9/66
9/69e

RT CteEGA INTO {2PIO GAHM)/{P IO GAESMA)

R7 {081) OR LESS riARMI 'N 64 PXSC
R7 {0 45) {0' 33) STRUGALSK 69 HLSC

1 ~ 3-2 ~ 8 PI-P
2 ~ 34 PI+ N 8/6 9eI

Note on the branching ra.tios of{A){784)

Note that the errors of the decay branching
ratios in the Meson Table are slightly different
from their values below (under "VALUE FROM
CONSTRAINED FIT" ), the table values being
more conservative. The CONSTRAINED FIT

'W 34
W

W ~ 666
W 155
W

W

W AVG

9+0
13

(20 ' 0)
'12 ~ 3
16 2

~ ~ ~ ~

12 ' 7

1 OMEGA FULL WIDTH (MEV)

ARMENTERO 63 HEC
I II.LER 0 65 HBC
JAHES (86 HBC
BARASH 67 HBC
AUGUSTI1 69 OSPK

OOPBARP
SEEN WITH K+ K»

2 1 PI+P 6/66
SEEN WITH Kl KI 6/66
E+ E- COLL ~ BEAHS' 4/69e

3r0
2 ~ 0

OR LESS
2 ' 0
3 ~ 2

~ ~ t ~ 0
lo2 AVERAGE {ERROR INC(.UDES SCALE FACTOR OF 1 0)

RB OMEGA INTO(ETA P IO +ETA GAIE)/(PI+Pl-PIO)
RB {0~017) OR (.ESS FLATTE 66 HBC
RB {0~026)OR LESS JACQUET 67 HLSC

R9 OMEGA INTO (NEUTRALS) 1 (CHARGED)
R9 0+124 0 ~ 021 FELDMAN 67 OSPK
R9 0 e 0 0 ~ 0 0 0
R9 F IT 0~1039 0 ~ 0076 VALUE FROM CONSTRAINED F IT

R10 OMEGA INTO t2PIO GAMMA)/{PI+PI PIO)
R10 {0~ 1) OR LESS JACDUET 67 HLBC

Rll OMEGA INTO {ETA GAMMA)/{PIO GAMMA)
Rll {0' 58) (0 ' 30l STRUGALSK 69 HLBC

1 ~ 8 K P
CLÃ0090

1 ~ 2 PI P

CL~O 90

2+34 Plt N

9/66
10/6T

3/67

10167

8/69eI

R12 OieEGA INTO tPIO MU+ MU-) / TOTAL tUNITS IOee-3)
R12 {2a) DR L'ESS WEHMANN 68 OSPK 18 PI FE

See the illustrated key preceding the data card listings.

6/68
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MESON RESONANCES
Data is paresthescs have sot bees iscluded is our averages.

ETA PRIME (958 JPG 0 +) l 0

r)'({)58) KNOWN ALSO AS XO
{JP e 2 NOT YET EXCLUOEOy)
{SEE NOTE ON QUANTUM NUMBERS AT END OF ETA

PRIME LISTINGS)

2 ETA PRIME MASS {HEV)

9/6 8
4/691

85 I957~ 0)
{958 0) {1 ' 0

KALBFLEISCH 64
957%0 3 ' 0

8 960a0 2 ' 0
7 955 ' 0 10~ 0

959a0 3 ' 0
960 ' 0 5a0
957 ' 1 ~

~ e o ~ ~ o ~
957.70 0.8

M

M

M K

H

M

M

M

H

AVG

DAUBER 64 HBC
) KALBFLEIS 64 HBC

SUPERSEDED BY AITTENBERG 69
BADIER 65 HSC
TRILLING 65 HBC
COHN 66 DSC
LONDON 66 HBC
HDTT 69 HBC
RITTENBER 69 HSC

o
1 AVERAGE fERROR INCLUDES

I ~ 95 K P

2 ~ 7 K-P 6/66

3 ~ 0 K-P
3 ~ 65 Pl' P
3~ 3 Pl+0
2 ~ 2 K-P
4 ~ 15 5 K-
1 ~ 7-2 ~ 7 K-

9/66
6/66
6/66

P 7/691
P 9/690

OMEGA INTO NEUTRALS I TOTAL
0 ' 084 0 ' 015

IOa079) {0' 019)
e o ~ ~ ~ ~ ~ ~ ~

Oe0941 0 ' 0062 VALUE FROM CONSTRAINED FIT

R14
R14
R14
R14
R14 FIT

6/68
9/690

SOLLINI 68 CNTR Ze 1 Pl P
KAR{.5RUHE 69 DSPK

SCALE FACTOR OF I ~ 0)
INTO {PI P I I/(TOTAL) ~ SEE ALSO R2
0 032 0 ~ OZS 0 019 AUGUSTI2 69 OSPK E+E COLL BEAMS 8/690
AUGUSTIN 68 GIVES SQUARE ROOT OF PARTIAL 'WIDTH FOR DECAY 9/6 90
INTO l PI PI ) tAS {0~ 63+-Oa 23)( HEV)001/2e THEY ASSUME TOTAL 9/690
OMEGA WIDTH AS 12 '2+-la3 HEV ~ FROH THIS WE CALCULATED THE 9/690
BRANCHING RATIO GIVEN ABOVE ~

003 OR MORE t 95 PCT ~ CONFaALEXANDER 69 HBC Le7 2o7 K P 11/691
~ ~ ~ ~ ~ ~ o ~

Oe 031 0 ~ 022 VALUE F ROH CONSTRAINED F IT

R15 OMEGA
R15
R15 4
R15 A
R15 4
R15 4
R15
415
R15 FIT

Z ETA PRIME WIDTH {HEV)

85 {4aOIOR LESS DAUBER 64 HBC
{7 OIOR LESS KALBFLEIS 64 HSC
KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69

{30eo)OR LESS BADIER 65 HBC
(15~ 0)DR .LESS LCNDON 66 HSC
(loa) OA LESS R I TTE NBER 69 HBC

W

W K
W K
W

W

W

I ~ 95K P
2a7 K-POe 6/66

3 ~ 0 K-P
2 ' 2 K P
1 7-2 ' 7 K P

6/66
9/690RL6 OMEGA INTO {ETA GAHHA) I {ALL NEUTRALS)

R16 t0 ~ 24) OR LESS KARLSRUHE 69 OSPK

RL7 OHEGA INTO {2 PIO GAMMA) I (ALL NEUTRALS)
R17 tOe19) OR LESS KARLSRUHE 69 OSPK

R18 OMEGA INTO {PIO GAHHAI I fAI.L NEUTRALS)
ALS (0o81) OR GAEATER KARLSRUHE 69 OSPK

9/690

9/690 2 ETA PRIHE PARTIAL DECAY MODES

DECAY HASSES
139+ 139+ 5489/690 PL ETA PRIME

PL{M
P 1(C

CTA PRIHE
P2{N
PZ(C

ETA PRIME
('(NC

ETA I Rll E
ETA PRIIIE
ETA PRIME
ETA PRIME
EYA PRIME
ETA PRIME
ETA PAIME
ETA PRIME
ETA PRIME-

INTO PI+ PI- ETA
) ETAS DECAY INTO ALL NEUTRALS
) ETAS DECAY CHARGED
INTO Pio PID ETA
) ETAS DECAY INTO ALL NEUTRALS
) ETAS DECAY CHARGED
INTO Pl+ PI GAMMA

LUDING RHO GAMMA)
INTA GAM&4 GAMMA

INTO RHOO G4MMA
INTO Pl+ PI E+ E
INTO 2 Pi
INTO 3 PI
INTO 4 Pl
ENTO 6 PI
INTO PIO GAMMA GAMMA

INTO PIO E+ E- (VIOLATES C IN
SOAN APPAOXo)

INTO ETA E+ E- {VIOLATES C IN
BORN APPROX )

INTO PID RHO 0 {VIOLATES C)
INTO PIO OMEGA (VIOLATES C)

Pitted Partial Decay Mode Branching Fractions
Diagonal elements are P.kbP, ; 6P. = ot/( EP.bP. ) . Off-diagonal elements are correla-

1 I I i I
tion coefficients -" (SP.b P.) /(6 P.' & P.).i j i j

P 2 P

P2 134+ 134+ 548

P3 139t 139t 0
P 1

P4
Pb
P10
PLL
P12
P13
P14
P15
P16

0+ 0
0+ 765

139+ 139+
139+ 139
139+ 139t
139t 139+
139+ 139+
134t Ot
134+ a5t

P 1 a 874 t- o022
P 2 ~ 960 o03Lt F 022
P 3 -~ OZS ~ 252 ~ 094+ ~ 006

~ 5t ~ 5

134
139+ 139
139t 139

0
o5

feefef fffffffff fffffffff fffffffff tfffftfff fftfftfft ffffftfff ffffffff
REFERENCES FOR CHEGA

8 HA GL IC ~ ALVARE Z ~ ROSENFELD ~ STEVENSON I LRL)
PEVSNER ~ KRAEHERt NUSSBAUM ~ RICHARD+ I JHU+NW)
NGUYEN HUU XUONGyGERALO R LYNCH {LRL)

54S+ a 5+ o 5

134+ 765
134+ 783

MAGLIC 61 PRL 7 178
PEVSNER 61 PAL 7 421
XUONS 61 PRL 7 327

CTA PRIME

ETA PRIHE
ETA PRIME

P17

PLB
P19

ALFF ~ SERLEY tCOLLEYt GELFAND + {CDLU+RUTGERS )
R 4RMENTEROSt R BVDOE + (CERN+COLL+FRANCE)
BUTTONtKALSFLEISCHtLYNCH, HAGLIC t (LRL)
STEVENSDNtALVARCZ ~ HAGLICyROSENFELO tLRL)

ALFF 62 PRL 9 325
ARMENTER 62 CERN CONF 90
BUTTON 62 PA 126 1858
STEVENSO 62 PR 125 687 2 ETA PRIME BR4NCHING RATIOS

RL3 OHEGA INTO t Et E- )/TOTAL I UNITS 1000 4)
R13 3 2 ~ I ~ Z , SINNIE 65 OSPK PI-P NEAR THLDo 6/66
R13 8 MASS RESOLUTION OF BINNIE 65 IS ABOUT 15 MEVa
R13 H I 1eO) t 1 7) {Oe 75) HERTZ BACH 67 OSPK ASSVHE SU( 3)+MIXING 10/66
A13 H NOT RESOLVED FROM RHO DECAY
R13 A 33 f0a65) {Oa13) ASTVACATU 68 OSPK ASSUME SUt3)+MIXING 6/68
R13 4 NOT RESOLVED FROM RHO DECAYS ERROR STATISTICAL ONLY
P.13 Oe40 0 ~ ZL BOLLINI 1 68 CNTR I ~ 7PI PyNOTE 2 9/68
R13 Z MASS RESOLUTION OF BOLL INI 1 IS +-10 MEV ~ HIS ERROR IS + 15
R13 2 WITHOUT RHO-OMEGA INTERFERENCE ~ COMPLETE INTERFERENCE WOULD
R13 Z CHANGE VALUE SY t 3'5 PER CENT ~ THE'AEFORE WE INCREASEO FRROR ~
R13 Oo76 Oe 14 AUGUSTI1 69 OSPK SEC NOTE
IIL3 E FROM E+ E COLLIDING BEAHSy ASSUHING OMEGA WIDTH 12~ 2t-1 ~ 3 HEV
RL3 ~ ~ ~ ~ ~ ~ ~ ~ ~,
R13 AVG Oa66 0 ~ 17 AVERAGE (ERROR iNCLUDES SCALE FACTOR OF La4)

ALITTI
ARHENTER
BARHIN
BEATHELO
BVSCHSEC
FICKINGE
GELFAND
MURRAY

63 NC 29 515
63 SIENA CONF 1 296
63 SIENA CONF 1 207
63 SfENA CONF 2 60
63 SIENA CONF 1 166
63 PRL 10 457
63 PRL 11 436
63 PL 7 35S

AL ITTI ~ BATON ~ BERTHELDT+ (LPCHEtPARtBAR I+80)
ARHFNTEROSt EDWARDS ~ JACOBSEN+ t CERN+PARIS I
SARHIN ~ DOLGOLENKDtKPESTNf KOV+ ( ITEP )
4 SERTHELOT (CEN SACLAY)
SVSCHSECK ~ CZAPPt {VIENNA+CERN+AMSTERDAM)
W J FICKINGERyD K RDSINSONtE SALANT (BNL)
GELFAND ~ HILLERt NUSSBAVtytRATAUt {COLUHtRUTG)
HURRAYyFERRDLUZZI HUWE ~ SHAFERySOLHITZ+{LRL)

Note 1 on qf (958)
In our calculation of the constrained

branching fractions of the qf (958) we assume
BARHIN 64 JETP 18 1289
BEZAGUET 64 PL 12 70
KRAE'MER 64 PR 136 8 496
LVTJENS 64 PRL 12 517
WALK. ER 64 PL 8 208

BATON 65 NC 35 713
BINNIE 65 PL 18 348
CLARK 65 PR L39 8 1556
GALTLEAI 65 PRL 14 279
HILLER 0 d5 CU-237fNEVIS 131)

MILLER 65 INCLUDES DATA OF
ZOANIS 65 PAL 14 721

ALFF-STE d6 PR 145 1072
BAGLIN 66 PL 23 286
DIGIUGNO 66 NC 44A 1272
FLAT7E 6d PR L45 1050
JAMES 66 PR 142 896

SALTAY 67 PRL 18 93
SAR ASH 67 PR 156 1399
FELDMAN 67 PA 159 1219
tIERTZSAC 67 PR 155 1461

( SEE ALSO ZDANI 5 65)
.IACQUET 67 HEIDBG CONF PE 364

ISEE ALSO SAGLIN 66)
RDOS 67 NP 8 2 615 Mo RODS !CERN)

SARMIN DDLGOLENKC ~ KAESTNIKOV + {ITEP )
BEZAGUET ~ NGUYEN KHAC ROUSSET+ t PAR+BERG+LOI
KRAEHER ~ HADANSKYtHEER ~ FIELDS+ {JHU+NWt'WOOD)
G LVTJENS J STEINBERGER {COLUHB IA )
WALKERt BOYDtERWINySATTERBLOM + t'WISCONSIN)

SATONtBERTHELOT tDELERt BENEDETTI+{SACtBOLOG)
BINNIEt DUANEt JANEt W JONES+ {IC LOND+HANCHS)
CL ARK t CHRI STENSCN ~ CRONIN ~ TURLAY {PRINCETON )
4 BARBARO GALTIERltR 0 TRIPP (I.RL )
DAVID C MILLER t THESIS) (COLUMBIA)
GELFAND 63 ABOVE
ZDANIStMADANSKYtKRAEHERtHERTZBACH+{JHU+BNL)

ALFF-STCINSERGERt SERLEY BRUGGER+ {COL+RUTG)
+BEZAGUETtOEGRANGEtHAATUFT + (EP+BERGEN)
DI GIUGNO PERUZZI TAOISEt (NAPL+FRAStTRST)
+HUWE ~ HURRAY ~ BUTTCN SHAFERySOLMITZ+ (LRL)
F E JAMESIKRAYB ILL {YALEt BROOKHA VEN)

+FRANZ INI ~ SEVER IENSt YEHt ZANELLD (COLUMBIA)
BARASHtKIRSCHtMILLERt TAN (COLUMBIA)
+FRATI ~ GLEESONtHALPERNtNIISSBAUMt {PENNA)
HERTZBACH ~ KRAEMER ~ MADANSK I t ZDANI 5+ I JHU+BNL)

+NGUYEN-KHAC SAGLIN HAATUFT+ t EPP+BERGEN)

the following decay modes:

(a) t)ww (including t)w w, 7{y/t of the I)' s0 0

neutral),

(b) p y.0

(c) VY

Note that the yy value measured, by BOLLINE

68 (5.5 3 pro ) is slightly d.ifferent from the+3.6

result of the overall fit (4.7+'2. gfp ) because
of ind, ependent measurements of (gf ~ all
neutrals)/(I)'~ total). In the fit yre do not

use the constraint.
R=l (t)'~ tIw w )/I' (I)'~ t) w w ) = 2

68 PL 27 8 45
68 NC 56 A 531
68 NC' 57 4 404
68 P R 166 1430
68NP 86325
68 PRL 20 748

4STVACAT
5OLL I NI
IOLL INI I
IEY
y I SUT
IEHMANN

ASTVACATUROV AZ IHOV ~ 84LOIN+ t JINR+MOSCOW)
+BUHLER ~ DAL PI AZ ~ HASSAM+ {CERNtSGNAt STRB)
tSUHL. ER ~ DALP I AZ t HASSAH+ (CERN+SGNA+STRB)
+P R ENT I CE+C DOPE R+MANNE R+WALKER t ( TO+A NL+W I 5 )
J~ PI SUT ~ I ~ RODS (CERN)
+ENGELS+ (HARVAADtCASEtSLACtCORNELLtVCGILL) from I-spin conservation. The result of

the fit is in agr'cement with it, R = 2.0+0.4.69 PL 28 8 513
69 LNC 2 2L4
69 CERN/OaPHa 69 9
69 UCRL 1 92 75
69 NP 8 9 364
69 UCRL 18687
69 UCRL 19352
69 LUND CONFERENCE
69 LUND CONFo
69 PR 178 2061
69 PL 29 8 532
69 PRIVATE COHH ~

+SENAKSAStBVON ~ GRACCOtHAISSINSKI t+ {ORS4Y)
+LEFRANCOIStLEHMANN ~ HARIN, t (ORSAYI
+FOSTER ~ GAY ILLET ~ HONTANET ~ + I CERN+COF )
JERD)IE Sa DANBURG ~ THESIS (LRL)
+WALKER yGOSHAWy WEINSERG (WISC+PRLN+VANDI
STANLEY H ~ FL ATTE {LRL)
+SUTLER tCOYNE tHALLy MACNAUGHTONt TRIL ING(LRL )
KARI. SRUHE-CERAI GROUP SEE MAGLIC 69 f RVTG)
8 HAGLIC ~ MESON REVIEW TALK ( RUTG I
R a ttf I.LE R ~ L I CHTH AN t'W I LL MANN (PUROUEI
+ CHU V I LO y F E NY VE 5 t+ {WARS+JIM +
RICHARD 'WILSON (SEE ALSO PR 178 2095

IUGVSTIL
IUGUST12
II ZZARRI
)ANSVRG
:RW IN
'LATTE
)DLDHABE
:AALSRUH
IAGL IC
If LLER
iTAUGALS
I I L SON

ETA PRIME INTO (Pl+ PI ET4 (NEUTRAL DEC ~ ) )/TOTAL.
K 68 {0~ 36) ID ~ 05) KALBFLEI5 64 HBC 2 ~ 7 K-P
K KALBFLFISCH 64 SUPERSEDED BY RITTENSERG 69

281 0 314 Oa026 RITTENBER 69 HSC 1 7 2a7 K-I'
o o o o ~ ~ o e o

F IT Oe312 0 ~ OL7 VALUE FROH CONSTR4INEO FIT

Rl
RL
Rl
RL
AL
Rl

R

BUDA�)

){HARV)
R2
R2
R2
R2

~ R2

See tits illustrated keY preceding

ET4 PR IPE
33 0%35
39 Oa4

o e ~ o o
AVG 0%363
FIT 0 375

the data card tiyt)ngy.

INTO I PI+
O. 06
0 ~ 1

o a e o
0 ~ 051
0 ~ 016

PI NEUTRALS) / TOTAL
SAD IER d5 HBC 3~ 0 K P
LONDON bd HSC 2e2 K-P

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1 0)
VALUE FROM CONSTRAINED FIT

:111111st'000 1tf 1tt010010 001100111 01fttf t11 00110t111 111110000 11100111
.11101 f10000100 101000000 000100010 010101011 000000000 10t101010 10010010

10/66

9/& 90

10/66
10/66
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'R3 ETA PRIME INTO tPI+ Pl ETA {CHRG
R3 K CC {0~ 12) {0~ 02) KALBFLEIS 64 HBC 2 ~ 7 K P 10/66
R3 K KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69
R3 7 0 ~ 07 0 ~ 04 BAD lf R 65 HBC 3~ 0 K P 10/eb
R3 10 0 ~ 1 0 ~ OC LONDON bb HBC 2 ' 2 K P 10/eb
R3 107 oo12 3 Oe014 RITTENBER 69 HBC 1 7 2 7 K-P 9/69e
R3 e ~ e e o o ~ o e
R3 AVG ool16 0 ~ 013 AVERAGE {ERROR INCLUDES SCALE FACTOR OF I ~ 0)
R3 FIT Oo1242 0 ~ 0067 VALUE FROM CONSTRAINED FIT

IT
+

P
(IT% C,fA s)

~a

d'or

Y

Data is parcnthcscs have not bccs included ls our avcragcs.

P
D.DECAY))/TOTAL the S =Normal series may be ruled out.

RC
RC
RC K
RC K
RC
RC
R4 F IT

ETA PRIME INTO {PI+ PI NEUTRALS {EXCLUDING
PI+ PI ETA t NCUTR ~ DEC ~ ) ) ) / TOTAL

10 (0 05) {0 04) KALBFLEIS d4 HBC
KALBFLEISCH 64 SUPERSCDEO BY RITTENBERG d9
oe045 0 ~ 029 'RITTENBER 69 HBC

e ~ o o ~ o ~ e o
oe063 ooolZ VALUE FRO)I CONSTRAINED FIT

2 ~ 7 K-P 10/66

1 ~ 7 2 ~ 7 K P' 9/69e

R5 ETA PRIME INTO {NEUTRALS) / TOTAL
R5 K 54 {oe25) (Oe05) KALBFLEIS 64 HBC
R5 K KALBFLEISCH 64 SUPERSEDED BY RITTENBERG d9
RS 16 Oo24 0 ~ 17 BADIER 65 HBC 3 ~ 0 K P
R5 3Z oe3 0 ~ 1 LONDON 66 HBC 2 ~ 2 K-P
.R'5 123 Oo 189 0 ~ 026 RITTENBER 69 HBC I ~ 7-Ze7
R5 ~ ~ ~ ~ ~ ~ o o ~
R5 AVG oe197 0 027 AVERAGE {ERROR INCLUDES SCALE FACTOR
R5 FIT oe205 0 ~ 021 VALUE FROM CONSTRAINED FIT

10/66

lo/66
10/66

K-P 9/69e

OF 1 ~ 1)

ETA PRIME INTO (PI+ Pl GAMMA {INCLUDING RHO GAMMA) )/TOTAL
42 {0F 22) {0F 04) KALBFLEIS 64 HBC 2 ~ 7 K P

KALBFLEISCH 64 SUPERSEDED BY Rt TTENBERG d9
35 loe34) {0~ 09) BADIER 65 HBC

CONTROVERSIAL BACKGROUND SUBTRACTION
20 oo2 0 ~ I LONDON bb HBC 2 ' 2 K P

298 0 ~ 329 Oo033 RITTENBER 69 HBC 1~ 7 2o7 K P
o e o e ~ e ~ e o

0 ~ 316 0 ~ 038 AVERAGE (f RROR INCLUDES SCALE FACTOR OF 1 ~ 2)
oo296 0 ~ 026 VALltf FROII CONSTRAINED FIT

Rd
R6 K
Rb K
Rb 8
Rb 8
Rb
R6
Re
R6 AVG
R6 F IT

10/66

300K P 10/66

10/66
9/691'

RB
RB

R9
R9

Rlo
R 10

Rll
Rll

R12
RIZ

R13
R13

ETA PRIME INTO tPIO E+ E )/TOTAL
toe013) OR LESS RITTENBER 65 HBC

ETA PRIME INTO (ETA E+ E~)/TOTAL
lo ~ oil) OR LESS RITTENBER 65 HBC

ETA PRIME INTO {Plo RHOO)/TOTAL
(Oe04) OR LESS RITTENBER 65 HBC

ETA PRIME INTO (PIG OMEGA) /TOTAl.
{oo08) OR LESS RITTENBER 65 HBC

ETA PRIME INTO {PI+ PI E+ E ) /TOTAL
{oo006) OR LESS RITTENBER 65 HBC

ETA PRIME INTO (2 PI)/TOTAL
lo ~ 07) OR LESS COMP ~ BY LONDON 66 HBC

2e1 K P 10/66

Zo7 K P lo/66

2 ' 7 K P 10/66

2 ~ 7 K-P Io/66

2e7 K P 10/66

ao/66

R7 ETA PRIME INTO (PI+ Pl- GAMMA l INCLUDING RHO GAMMA) )/tl'I Pl ETA)
R7 oe25 0 ~ 14 DAUBER, 64 HBC 1~ 95 K P 10/66
RT o ~ o e o o e o o
R7 F IT 0 C5). 0 ~ 060 VAl. UE FROM CONSTRAINED FIT

By the notation of the sketch, any Normal
matrix element would have a factor sine and

would thus go to zero at the edge of the Dalitz
plot [ C. Zemach, Phys. Rev. {33, Bi20{
(f964)].

+This leaves the Abnormal series 0

2, ' ' . In the discussion below, the con-

fidence levels are values from RITTENBERG
69, based on fits of 278 m I( q decaysneut
(see- 400 more in the compilation by
LONDON 66):
P=J = 0: The simplest matrix element M is

constant; confidence level = 7' .
M = k. This simply does not fit

(confidence level & 10 ). Of course-40

R14
R14

R15
815

R16
Rib

ETA PRIME INTO l'3 PI)/TOTAL
to ~ 01) OR LESS COMPeBY LONDON 66 HBC

ETA PRIME INTO (C PI)/TOVAL
{0 01) OR LESS COMP ~ BY LONDON dd HBC

ETA PRIME INTO (5, PI)/TOTAL
{O.O1) OR LESS COMP. BY LONDON dd HBC

R18 ETA PRIME INTO (RHOO GAMMA)/(PI Pl ETA)
818 oe31 Oe 15 DAVIS 68 HBC Se5 K P
R18 e e o o ~ o o e e
R18 FIT 0 451 0,060 VALUf FROM CONSTRAINED FIT

R19 ETA PRIME INTO l2 GAMMA)/TOTAL
R19 5 0 055 0 036 0 030 BOLLINI 68 CNTR 1 9 PI P
R19 ~ ~ e ~ ~ ~ ~ o ~
R19 FIT oo047 Oo031 VALUE FROM CONSTRI1NED FIT ~

R20 ETA PRIME INTO (PI+PI )/TOTAL
R20 (oe02) OR LESS RITTENBER 69 HBC 1~ 7-2o7 K P

R21
R21

R22
R22

R23
R23

R24
R24

ETA PRIME INTO (PI+PI PIO)/TOTAL
(0 ' 05) OR LESS RITTENBER 69 HBC

ETA PRIME INTO {Pl+Pl+PI-PI )/TOTAL
(oool) OR LFSS R ITTENSE R 69 HBC,

ETA PRIME INTO (PI+PI+Pl-PI Plo)/TOTAL
{Geol) OR LESS RITTENBER 69 HBC

ETA PRIME INTO {PI+PI+PI-PI NEUTRALS)/TOTAL
{oo01) OR LESS RITTENBER d9 HBC

1 ~ 72o7Kl

1~ 7-Zo7 K-P

1~ 1-2o7 K-P

1~ 7-2e7 K-P

Fitted PartiaI Decay Mode Branching Fractions
Diagonal elements are Pi+5 P.; 5PI = set ( 5P15Pl) ~ Off-diagonal elements areI
tion coefficients = (5P&5P') /(SP&' 5P.).

10/66

lo/ed

1O/eb

9/68

9/6 8

9/e9e

9/6 9e

9/b 9e

9/69e

9/69e

cor rela-

a strong II'm final-state interaction
could help, but it seems unlikely that
it could make the fit acceptable.

2: M = akk+ b~, where a and. b
are arbitrary. Here, according to
London et al. . lM I gives a good

2

fit to the data with b= 3a. According
'to Rittenberg, it gives a confidence
level of 0.6', also with b = 3a.

A recent spark chamber experiment at
CERN (DUFEY 69), based on the Dalitz plot
distribution of about 300 m m q t decays,neut
leads to the following similar conclusions:

PJ = 0: This fits well (if one allows the
P 1 P 2

P 1 o436+ ~ 023
P 2 oC55 e221+ o043
P 3 ~ 386 ~ 342 o296+ ~ 026
P 4 ~ 154 ~ 786 «oooC o047+ e029

UNCERTAINTY IN THE S
ASSIGNMENT OF ~I(9g8)

For the d.ominant (66fo )mII'q d,ecay mod. e
of the q(, since the Dalitz plot population is
rather flat (DAUBER 64, LONDON 66,
RITTENBERG 6g, DUFEY 69), and in particu-
lar does not vanish at the ed.ges of the plot,

matrix element to vary linearly with
- the q kinetic energy).
+ Exclud, ed. (unless one assumes very
drastic form factors).

2: Cannot be excluded. The simplest
matrix element (see above) gives a
poor fit (3%, with Ib/a I = 4), but it
can easily be improved. with a slightly
more complicated matrix element.

See the illustrated )Ny )sleeed{n8 the data sard Iistinfs.
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ratio of mmq:Tray, and. Rittenberg finds no cor-.

neither of these observations, although adding
weight against 2, rules it outs

Data in parentheses haTje not been included in our averages.
1

Hence, to rule out J = 2, one turns to sis is inconsistent with their observed -3::4
+ Pthe 30% mode'q' ~ m m y. and the usual J

assignment is based heavily on this Dalitz relations between the decay plane of the q)

plot. The plot by Rittenberg, with 432 events, and the production coordinate system, but
shows that the decay is mainly p y, and the0

6 distribution shows a strong preference for
equatorial decays:
J = 0: Fits well. The only matrix element

2is magnetic dipole, M~. IM( I pre-
. 2diets dv /du o: sin e, and the confi-

dence level is 47%.
Does not fit (confidence level

= 0.002% ). The matrix element yield. s

a I + cos 0 distribution.

2: Fits well. Again the simplest tran-
sition is M&, and. this time the pre-
dicted, distribution is 6 + sin g, with
a confidence level of li%.

W'e should warn that the may decay has a very
high Q value (0 & k & 460 MeV), with the aver-
age value of k about 200 MeV. Hence we

must not be too quick to consider only the
smallest powers of h/M, in matrix elements.
Specifically this warning means the following.
W'e in this note have considered. only the lowes, t".

possible multipole transition. Thus the 14%

confidence level quoted above for the 2 hy-
pothesis was based. on an M& matrix element.
But of course E2 is also possible, and has an

independent coupling that could be large. It
can interfere with M& to give almost any distri-
bution. Rittenberg finds a confidence level of
46% for J = 2 when a variable amount of E2
is included in the matrix element. The i fit
can also be improved by adding higher-order
matrix elements. So the net mode is likely to

be somewhat unreliable. 'We want to thank

V. L Ogievetsky and. W. Tybor. for pointing

this out to us. (See Zaslavsky, Ogievetsky,

and Tybor, JINR Preprint E2-4061, Dubna,

4 968).
So all available Dalits 'plot data for both

Pmodes seem to permit J = 2 . London et al.
hive a qualitative remark that the 2 hypothe-

BAD IER 65 PL 17 337
KIENZLE 65 PL 19 438
RITTENBE 65 PRL 15 556
TRILI. ING 65 PL 19 427

BAD I ER sOEMOUL INr BARLOUTAUO +I PAR &SAC 4ZEEMA )
KIENZLE ~ MAGLIC ~ LEVRAT ~ LEFEBVRES + lCERN)
Rl TTENBERGs KALBF LE I SC H l l.R L+8NL )
+BROWNs GOLDHABERS ~ KAOYK ~ SCAN IO lLltL)

COHN

LONDON

BOLL INI
DAVIS

66 PL 21 347
66 PR 143 1034

68 NC 58 A 289
68 PL 27 8 532

COHNsMCCULLOCHrBUGGsCONDO lORNL+TENN+UNCAR)
LONOONrRAUsSAMIOSsGOLDBERG + lBNL+SYRACUSE)IJP

+BUHLER s DALPI AZ r MASSAM+ ICERN+BGNA+STRB)
+AMMAR sMOTT rOAGAN ~ OERRICKs FIELDS (NWES+ANL )

MOTT 69 PR 177 1966 . +AMMAR ~ DAY I S ~ KROPAC SLATE OAGAN+ lNWES+ANL IRITTCNBE 69 UCRL 18863 ALAN RITTENBERG lTHESIS) ILRL) I%0

QUANTUM NUMBER DETERMINATIONS NOT 'REFERRED TO IN THE DATA CARDS

MARTIN 66 PL 22r352
SARBARO- 68 PRL 20 349
BARLOUTA 6S PL 26 8 674
OUFEY 69 PL 29 8 605

MARTINsCR ITTENOENr SCHROEOER l INDIANA U) I
BARBARO GALTIERIsMATISONsRITTENBERG+ fLRL) I~O
BARLOUTAUO+ I SACLAY+AMSTO+BOLOG+WEIZ M+8 ~ P ~ ) Iso
tGOB 8 I r POUCHONr CHOPS ~ + l ETHZ+CERN+SACL ) I JP

«s«««e ««««««««« ««««««««« ««««««««« ««««««««« ««««««««« ««««««««« «««««p«««««««« ««««««««« ««««««««« ««««««««« ««««««««« ««««««««« ««««««««« ««««««««

d(962) 36 DELTA MESON. (962 ~ JPGe ) I e I)2

Note on I5(962)

The |) (962) was originally seen with the
CERN MMS, KIENZ LE 65. Other missing-
mass spectrometers (OOSTENS 66, BANNER-i
67, BANNER-2 67) have added nothing con-
clusive to this evidence.

A claim in the 2m system (ALLEN 66) has
been contradicted (JACOBS 66, WEST 66,
CLEAR 67, ROOS 67), and claims in the 3m

system (ALLISON 67, JUHALA 68) likewise
(SAMIOS 68, KRUSE 69). For discussion, .

see SAMIOS 68 and MAGLIC 69.
The only support comes froxn BARNES 69,

who see a peak in the pe system, and who
claim that it'cannot be explained by the kine-
matic effect dis cus s ed below under 2a.

The following references have possible
relevance to the existence of the 5(962):

Finally, we note that, since a J.= i
particle cannot decay into yy, an observation
of a yy decay excludes J = i . BOLLINI 68P

observed five events of this kind over a back-
ground of only about one event. .The probability.
that this is due to a statistical fluctuation of
the background is less than l%; hence at the

P +same level of coxxfidence, J = i can be ex-
eluded.

«««««« ««««««««« ««««««««« ««««««««« ««««««««« ««««««««« «««««e««« ««««««««

REFERENCES FOR ETA PRIME

DAUBER 64 PRL 13 449 DAUBER ~ SLATE)l ~ S)tITH ~ STORK ~ 7ICHO lUCLA) JP
ALSO 64 DUBNA CONF I 418 DAUBER ~ SLATERsL T SMITHr STORKs 7ICHO lUCLA )KALBFLE I 64 PRL 13 349 G R ~ KALBFLEISCH ~ 0 DAHL A ~ ftITTENBERG lLRL) JP

See the fffvstrated ftefr precedfnB the date card:fstinffs.
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MESON RESONANCES

Data in parentheses have not been included in our averages.

1) The m (4046) may be interpreted as a
virtual bound. state in the KK channel. It would

then correspond. to a narrow resonance at about
45975+
&0

MeV (ASTIER 67) in open channels,
et ge a QTf 01 5'lf t

2) Further gm enhancements have been re-
ported at masses in the 960 980 MeV region.
As evidences for a resonance they are how-

ever not yet convincing, because there are
kinematic effects that can produce qT(' peaks

in that mass region:
a) In the reactions K n ~ Acr (MM) and.

K p ~ Am vr (MM) (studied by AMMAR 68,
CRENNELL 69, MILLER 69) with selection of

the missing mass (MM) in the q(549) region, a
spurious 5(962) peak can arise from contamina-

tion with Ap m final states. This has been

pointed out by CRENNELL 69.
b) In final states containing many pions+-0+0[e.g. , 2w Zrr rr, , (3rr) rr ], and with the u

copiously produced, the constraint of at least
one q combination in the m ~ TT e mass+ 0

"fakes" a bump in the mass region around

960 MeV, due to reflections from the ~. This
remark may apply to the observations of

DEFOIX 68, CAMPBELL 69, and.

or
aG=Ves, &III = C,

J/FACT =No, AlIt =2,
but charged decays (6 ~ m m or m q) have
no such rules (except A IIl ~ 2).

36 DELTA (962) MASS (MEV)

II
M 8
II 0

0
M A

M A

M

M D
M D
II 0
M

AVG

262 962 ' 0 5 ' 0 KIEHZLE 65 MMS 3 5 P! P

NOTE THAT BANNER 1 AT Le 8 Pl-P DOES NOT SEE IT ~

(966 F 01 (8 ~ 0) OCSTENS 66 MMS + 3' 8 PP TO D + MM

FOR A CONTRADICTORY RESULT SEE BANNER2 67 3aS PP TO 0 + MM

(980m) (10~ 1 AMMAR 68 HBC t 5+5 K P ~ ETA PI
MASS+WIDTH OF THIS PEAK MA}rE IDENTIFICATION WITH DELTA DUBIOUS ~

(975 Ol OEFOIX 68 HBC t- 1 2 PB PIETA Pl
970 ' 0 15 ' 0 BARHES 69 HSC - 4-5 K-P PI-ETA

(980+0 } (10~ 0) }IILLER 69 HSC 4 ~ 5 K N ETA PI
22 (948 0) (6 ~ 0) CTWINCWSK 69 HRC + 8 PitPIP 00 PI

MASS+'WIDTH OF THIS PEAK MAKE IDENTIC!CATION WITH DELTA DUB'(OUS ~

OT'WINOWSKI SEES CHAIN 00(13291 -DELTA(948)PI ETA P(t Pl
~ ~ ~ ~ 0 ~ ~ ~ ~

962~8 4 7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1+0}

9/66

9/66
11/67
9/6 8
9/68
3/69¹
9/6 9¹
7/6 9¹

11/69¹
11/69¹
11/69¹

36 DELTA (9621 WICT}I ( PEV)

W 262
W A

W

W

W

(5~0} OR LFSS
(80+} (30F 1

t 25 ~ 0}
(50F 01 OR LESS
(60' 0) (30 ' 0)

KI'ENZLE
AMMAR

DEFOIX
SARNES
MILLER

65 MMS

68 HBC
6S HBC
69 HRC
69 HSC

-, 35PI" P 9/6 6t- 5 ~ 5 K PIETA PI 9/68
t 1 2 PS P ~ ETA 'P! 3/69¹

5 K P ~ Pl ETA 9/69¹
4+5 K NIETA Pl 7/69er

P2
P3
P5

36 DELTA MESON PARTIAL DECAY MODES

DELTA MESON INTO 3 PI
DELTA MESON INTO 4 Pl
DELTA }IESON INTO ET A PI

134+ 134+ 134
134+ 134+ 134+ 134
548+ 134

Rl
RL

36 DELTA }MESON BRANCHING RATIOS

CHARGED DELTA INTO (1 CHARGEC} / t3 CR MORE CHARGED)

lo3 0 ~ 9 Oo7 K!ENZLF. 65 MMS 3 5 Pl» P 9/66

volve emission and. reabsorption of a photon,
4with rates proportional to e (also mm has

slightly larger phase space than TIq). Neutral
em d.ecays (as in the familiar q ~ 37}') have
selection rules either

OTWINOWSKI 69. ,

If we accept 6 ~ mg by strong decay, then
GI = i; nonobservation of 3m decay can be ex-

plained by choosing Z = 0, or simply by
P +

saying that 3m background is too large to per-
mit d.etection. These quantum numbers i (0 )

are then the same as those most likely for
eN(4046), which could be just the KK decay
mode of 5 (962).

An unattractive alternative is to believe
that 5 is really very narrow, and guess that its
mq decay is G-violating electromagnetic. (It
is not clear whether there would. be competition
from mmq decay, which is strong but has much

smaller phase space. ) However, in this elec-
tromagnetic (em) case, one would also expect
slightly faster decay into @71', and. we are not

sure whether this mode should, have been d.e-
tected. To see why we expect mm decay, note

that these em decays into TI' m or m q in-

R2
R2

DELTA MESON INTO ETA Pl
SEFN SARHES 69 HBC 4 5 K 'PIPI-ETA

I

»»»»

36 SIGMA(MICROB ~ ) FOR PI P - P X

CS
CS
CS
CS
CS
CS
C5

15 + 5 BRANCHeRATIO ASOVEaKIEHZLE
K!ENZLE 15~ REVI 5 EO TO A FEW ~ o ~ FOCACC I

17 OR LESS (2 PRONGS) JACOBS
(3a0}CR LESS /(GEV/C)f¹2 BANNER 1

3~ 3 +- le7 PI PI+ Pl- ETA CHUNG

~ 2 OR LESS P! PI+ Pl MM CHUNG

I ~ 50R LESS PI- PI+ PI PIO O'WHG

65 MMS

66 MMS

66 HBC
67 MRS
68 HBC
68 HBC
68 HBC

35PI35PI
3m 2 Pl
1 8 Pl PI P+MM

3 ' 2 4 ' 2 Pl»
3 2PI-

fffffe fff¹¹fff¹¹fff¹ffffffffffff¹ ¹f¹¹ffff¹fff¹fffff fffffffff
}IEFERENCES CN DE(.TAt962}

7URKOT
Kl ENZLE'
ALLEN 0
FCCACCI
JACOBS
COSTENS
WEST

63 SIENNA CONF 1 661
65 PL 19 438
66 Pt. 22 543
66 PRL 17 890
66 UCRL 16877-THESIS
66 PL 22 708
66 PR 149 L089

+CO(.LINSIFUJIIIKEMP+ (BNLtPITTSSURGH)
+ MAGLIC ~ LEVRATILEFEBVRES + ( CERN)

+GP FISHER ~ G GODDEHrL MARSHALLISEARS (COLO)G=+
t K I ENZLE ILEV}rAT IMAGL IC IMARTIN (CERN)

tO~DAHLI J ~ KIRZt 0 ~ H MILLER (LRL )
tCHAVAHONICROZONrTOCQUEVILLE (SACLAY ~ CF} (~L
WE'ST ~ BOYD ~ ERWIHIWALKER ('W I SCONS IN 1

ALL ISCH
ASTIER
BANNER 1
S ANNE II 2
CLEAR
RODS

6T Pi.
67 PL
67 PL
67 PL
67 NC
67 N'P

258 619
25 8 294
25 8 300

25 8 569
49A 399
8 2 615

+CRUZ+ (OXFt NUN+8! RM+RUTH+GLASG+LCN( IC) 1

+MONTANET I BAUBILLIER r DUBOC+ t CDF+CERN+IDR }
+FAYCUXIHAME(. IZSEMSERY ~ CHEZE+ '(SACLAY+CAEN)
tCHFZE HAMEL ~ MAREL TEIGERICROZCH+(COF+SACL)
+JOHHSTON+PILCHER+COCPER+(TOPONTO+ANLt'WISC)
M~ RODS (CERN)

AMMAR

C HUNG 5
DEFOIX
GALT IER I
JUHALA
SABRE CO
SAMIOS

68 PRL
68 PR
68 PL
68 PRL
68 PL
68 PL
68 PHI

21 1832
165 1491
28 8 353

20 349
27 8 257
26 8 674
LA ~ CONF E D !21

+DAVIS KROPAC ~ MOTT ~ SLATE WERNER+ (NWES+ANL)
tOe DAHLI J ~ KIRZ ~ 0 ~ H+ MILLER (LRL )

+R IV ET I 5 I AUO ~ CCNFORTO I SHI V EL Y( CD F+IP 8+CERN )
SARBARO-GALTIERIIMATISONrRITTENBERGt (LRL)
+(.EACCCK, RHODE KOPE(.MAH LISSY+ (ICWAtCOLO}
RARLOUTAUQ+ (SACL+AMSTtBGNAtREHO+EPO(. )
HHSAMICS (SNL)

BARNES
CAMPBELL
C RE NN'EL L
K RUSE
IIAGLI C
MILLER
HELLEN
OTWINCWS

69 PRL 23 610
69 PRL 22 1204
69 PRL. 22 1398
69 PR 177 1951
69 LUND CONF'
69 PL 29 8 255
69 PRIVATE COMM~

69 PL 29 8 529

tCHUNGIEISNER ~ BASSAHCIGOLOBERGt (BNL+SYR)
J~ H ~ CAMPSELL ~ LICHTMANILOEFFLERI+ (PURDUE}
+KARSHONrKWAN WU (.Alr+ (BNL+NYU}
KRUSE LOCS ~ GOLDWASSER ( ILL IHOI 5)
80 MAGL IC (RUTG)
OGHAM(t. LER ~ SeLeKRA'NERIDeD ~ CAR}ICNYe+( PURDUE 1

8 NELLEN (BONNtCERH)
5~ OTWINOWSKI (WARSAW)

ffffff fff¹Kffff fffffffff fffffffff fffffffff fffffffff fffflffff ffffffff
ffffff fffffffff fffffffff fffffffff fffffffff fffffffff ffffffeff fffff¹ff

9/69¹

7/67
7/67
7/67
9/67
5/68
5/68
5/68

See the it)IIItrated key preceding the data card }ittingr.
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MESON RESONANCES
Data in parentheses have not been included in our averages.

35 H MASS ( MEV)

15.0
APPROX

100
APPROXe

BARTSCH 64 HBC
GOLOHABER 65 HSC
BENSON 66 OSC

H COHN 67 OBC
H ~ ~ 0 0 ~

AVG 10 6 AVERAGE (ERR OR INCLUDES

4 ~ 0 Plt P
3~ 65 P I+P
3 ~ &'5 P I+0
3 ~ 3 PI+0

SCALE FACTO'R OF I ~ 3)

35 H (990~ JPGSBA ) I 00

H(BSD) IT IS SHOIIH BY BARBARO-GALTIERI 6$ THAT THE PRE-I969
H FNHANCEMENT IS COHPAT ISLE WITH BEING ENTIRELY DUE
TO IGIS IOENTI Fl ED RHOO-GAMMA DECAYS OF ETA PRIGsE(958)
HOWEVER GDL r)HAS ER 69 REPORT 4 NEW (P I tP I P I 0 )
ENHANCEMCNT AT ABOUT THE SAME HASS ~ H 1000 MEV
SEEN UNDER CONDITIONS DIFFERENT FROG( THOSE OF THE
EARLIER OBSERVATIONS OMITTED FROM TABLE ~

8/66
9/66
9/66
I/67

M 1017' 0
It 1019~ 0
H 1018' 6
Ie 1020' 0
M 1021' 5
M 1019~

1021' 0
165 1022 '

M 0 ~ ~ 0
M AVG 1019~ 51

4 PHI MASS (HEV)

2 ~ 0
200
0 5
2 ~ 0
0 ~ 8
3 ~

4 ~ 0
1 ~ 5

~ 0 0 ~ 0
0 58 AVERAGE l ERROR
I SEE IDEOGRAH BELOW )

63 HSC
63 HBC
65 HSC
6d HSC
67 HRC
67 HBC
67 HBC
68 OSPK

0 ' 0 PSAR P
Ze0 K- P

000 PSAR P
2 ~ 2 K-P

402 K P
L02 PBAR P
L-4 PI P

1 ~ 8 GAMHA t

ARHENTERO
SCHLE IN
HILLER 0
LOHOON
ABRAMS
BARLOW
OAHL
IIOSTE K

8/66
6/66

11/67
,11/66

9/66
C 6/68

INCLUDES SCALE FACTOR OF 1 ~ 5)

()(]Q) Q) 6 PHI I IGI9 JPG ~ I I I 9

35 H i(IOTH (MEV)
L)EIGHTEO AVERAGE = 1019.61 + 0 ~ SB

ERROR SCALED BY 1.S
90 ( 120~ 0)
30 45 ~ 0 3060

(60 ~ ) OR LESS

BARTSCH 64 HBC
BENSON 66 OSC
COHN 67 DSC

0 PI+ P
3 ~ 65 PI+ 0
3 ~ 3 PI+ D

8/66
1 0/66

1/67

Pl
P2

- 35 H PARTIAL DECAY MODES

H INTO 3 PI
H INTO RHO PI

DECAY MASSES
139+ 139+ 134
765+ 139

H HESCN CROSS SECTION (VICRCBARNS)

CS
CS

75 ' 0
(50 )

15~ 0 SES(SON 66 DSC 3 65 P I+0 TO HPP 9/66
COHN 67 DSC 3 ~ 3 PI+0 TO HPP I/67

BARTSCH 64 PL 11 167
GOLOHASE 65 CORAL CABLES P Te
BENSON 66 PRL 17 1234

BENSON 66 ANALYSIS FAVORS
COHN 67 NP Sl 57
ROSENFEL 67 R (P 39 1 9 APPENOI X
ArrMEN ISE 68 PL 268 336
BARBARO- 68 PHILAD CONF' P l.37
FUNG 68 PRL 21 47
GOLOHASE 69 LUND CONF'

AACHEN- LEUTHE N-BIRN-BONN-HAMS-MUNCHEN COLL
G GOLDHASER (LRL)
tMAR()UI7 ~ ROE ~ SINCLAIRGVANOER VELOC (HICH ~ ) IJP
JPRLt
+HC CULLOCH ~ BUGGGCONOO (OAK R +UNIVe TENN)

ROSENF ELO ~ SARBARO GALT IERI+(LRL+CERN+YAL E )
tGHIOINI FORI NO+ (SAR I+SOLOGN+F IRENLtORSAY)
Ae SARSARO-GAL 7 I El( I ~ P ~ SOD ING (LRL)
+JACKSOHtPU+SROWN+G[OAL. (U0C ~ RIVERS+LRL )
GERSON GOLOHASER (LRL)

444414144 444444441 411444441 tttft4444 444444444 41444444
tftftt 444ttffff ftfftf444 441444411 414444444 tttttftff ttftffttt

444114 444441444 ftfftfttt tttttffff ffftftttf 414444144 tftff'4444 41144444

REFERFNCES ON H MFSON

~ ~ - .MOSTEK
. .DAHL

BARLOL)

ABRAMS

LOHDOH

MILLER 0
SCHLEZH.
ARMEHTERO

1010 101S 1020 102S 1030
PHZ MASS (MEU)

PHI WIDTH t HEV)

0.0
6.2
0.1
3.3
0 ' 1
1.6

14.0
(COHLEV
=0.030)

CHISQ
68 OSPK 2.0
67 HBC

67 HBC
67 HBC
66 HBC
6S HBC
63 HBC
63 HBC

16 PI t 101&~ JPGEGO+ ) I0L
vrM l 16

STILL NOT DECIDED WHETHER (K KBAR) RESONANCE ~ VIRTUAL

~4~% BOUND STATE OR ANT ISOVND STATE MAY SE RELATED
TO THE DELTA (962)

lb Pl(1016) HASS (HEV)

W
'W 34
W

W

ii
W 165
W

W

W

W AVG

3' 4
(5 ' 0)

3 ' 5
6 ' 0
I 8

(10
(4 ' 5)

4 ' 2
4 1

3 ' 95

1 ~ 7
OR LESS

1 ~ 0
4 ~ 0
3~ 0

OR LFSS
(3~ 0)

0 9
005

~ ~ ~ ~ ~
003S

1 ~ 5

(2~ 0)

ARM EN 7ERO
SCHLE IN
HILLER D
LONDON
ASRAM S
BARLOW
leOSTEK
AUGUSTIN
5IOOROV

63 HBC
63 HSC
65 HBC
66 HBC
67 HSC
67 HBC
68 OSPK
69 OSPK
69 OSPK

0 ~ 0 PBAR P
20K-P
000 PBAR P
202 K P

402 K- P
I 2 PBAR P

1' 8 GAMMA + C
E+ E CCL(. ~ BEAHS
E+ E- COLL SEAI(S

AVERAGE (ERROR INCLUDES SCALE FACTOR OF Le0)

~ 8/66
6/66

11/67
11/ee
6/b S

LO/e8
9/694

143(1003~ 3) 700t SYSTEMATIC RCSENFELO
SCAT ~ LENGTH 2 TO 6 FERMISeBALTAY

A LOO( 1016 ) ( 10~ ) ASTIER
A SCATT0LENGTH ALSO FITS ~ SEE SFLOW

SCATTeLENGTH t2 ~ 5 t- 1~ FERMI ASTIER
OR CMPLXG RE PART006203 F

IM PARTS905F OR LESS ~ ~ e

65 RVUE t
66 HBC 3 ' 7 PBAR P
67 HBC + 0 PSAR P

67 HBC + 0-102 PBAR P
~ ~ ~ 0 ~
0 ~ 0 ~ 0

~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

16 PI(1016) PARTIAL DECAY MODES

16 P l(101d) W!0TH (MEV)

W 143 (57 0) 13e0+SYSTEMATIC ROSENFELD &5 RVVE ~

W A 100 (25 ~ ) APPROX0 ASTIER 67 HSC + SEE NOTE A ABOVE

8/ee
8/66
7/67

7/6 7
7/67 Pl
7/67 rBZ

P3
P4
P5
P6
P7

S/66 rBB

9/67 P9
PLO
Pll
P12

P HI INTO
PH I Is(TO
PHI INTO
PHI INTO
PHI INTO
PH I IreTO
PHI INTO
PHI f NTO
PHI INTO
PHI I s(TO
PHI INTO
PHI INTO

PHI PARTIAt. DECAY MODES.

Kt K«
KOL K02
F I+ P I- P 10 ( INCLUDING RHO Pf )
PI+ PI ( VIOLATES G)
E+ E-
HU+ MU-
PID GAMMA

ETA GAMMA

P I t P I-GAMHA
OMEGA GAIGVA (VIOLATES C)
ETA PIO (VIOLATES C)
RHO GAHstA (VIOLATES C )

DECAY I(ASSES
493+ 493
497+ 497
139t Ls9t L34
139+ 139

~5t 5
105+ 105
134+ 0
548+ 0
139+ 139+ 0
783+ 0
548+ 134
765+ 0

PL
P2

Pf (1016) INTO K KBAR
PI(L016) INTO ETA PI

DECAY MASSES
493t 497
548+ 139

PHI BRANCHING RAT I OS

RL
RL

16 Pl(1016) BRANCHING RATIOS

P t l 1016) INTO (ETA P I ) I (K KBAR )
(5 ' 0) OR LESS ASTIER 67 HSC 0 ~ PBAR P

tft444 ftftsfttf ttfttffff 1444444f4 tftfe4444 tfttttftf ffttfttef 4144ffft

REFERENCES FDR PI (1016)

RL
Rl 8 27
RL 252
s(L
RL F IT

9/67 RZ
R2 8 25
R2 167
RZ
R2 FIT

PHI INTO (K+ K )/TOTAL
(0 ' 26) (0606) BADIER 65 HBC
0 ' 48 0 ' 04 LINDSEY 66 HSC

~ ~ ~ ~ '~ 0 ~ ~ 0
0 455 0 033 VALUE FROM CONSTRAINED FIT

t SEE NOTE 8 BELOW) 10/66
26 7 K0P 10/66

BAD IER 65 HSC (SEE NOTE 8 BELOW) 10/66
L INDSEY 66 HBC 2 ~ 7 K P 10/66

PHI INTO (Kl K2)/TOTAL
(0 ' 23) (0 ' 06)
Oe40 0 ' 04

0 ~ ~ ~ ~ ~ ~ ~ ~

00364 09034 VALUE FROM CONSTRAINED FIT

65 PL 17
&5 PR 139 8 1659
65 OXFORD CONF 58
66 rsR 142 8 932
67 PL 25 8 294
67 INCLUDES DATA OF
67 NC 50A 393
67 NC 50 A 70L
67 NP 83 469

ARHENTER
RARASH
ROSENFEL
SALTAY
ASTIER

AST IER
r)AILLON
EARL OW

CONFORTO

ARMENTEROSG EDWARDS ~ JACOBSEN + (CEI'NtPAR IS )
+FRANZ INI GKIRSCH ~ MILLER ~ STEINSERGER+(COLUM)
A H ROSENFFLD (LRL —RVUE)
+LACH SANOWEISS ~ TAFT YEH STDNEHILL+ (YALE)
+MONTAHETGBAUSILLIERGOUBOC+ (COF+CERN+IDR)

BARLOW 67 ~ CONFORTO 67 ARMENTERDS 65 /
+EDWAROStD0ANDLAU+ASTIER+ (CERN+CDF +IS)
tMOG(TANETGD-ANDLAV+(CERN+CDF+IOR+(. IVERPOOL )
CONFORTr) r MARECHAL ~ MONTANE T+ (CERN+P AR I S+L IV )

141114 414444444 44114414f 444411141 fttftt441 ttfffttff fftfftttt tttffftt
141144 444144414 414444ttt tttttttft 1111tttff fftftfttf ftftttftf tttftfft

R3
R3 8
R3 8
R3
R3
R3 FIT

R5
R5
rr 5
R5
R5
R5 '

AVG
R5 F IT

Rb
R6
R6
Rb F IT

PHI INTO (PI+ P I- P IO ( INC L ~ RHO PI ) ) /TOTAL
t0 ~ 51) (0 ' 09) SAD IER 65 HBC

CONT ROVE RS I A(. BACKGROUND SUSTR ACT ION
0 12 Oe08 LINDSEY 66 HBC

~ ~ 0 ~ ~ 0 ~ ~

0 ~ 181 0 ~ 042 VALUE FROM CONSTRAINED FIT

57

30

300 K P

2 ~ 7 K-P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
VALUE FROM CONSTRAINED FIT

PIO (INCL RHO PI) )/(K KSAR)
(.ONOON bb HSC 202 K-P

0 ' 448
0 F 444

00044
0 ~ 032

PHI INTO (Pl
0 ' 30

~ ~ ~ 0 0 ~
0 ' 221

+ Pf-
0 ~ 15
0 ~ ~

0 063 VALUE FROM CONS)'RALNED FIT

PHI fNTO (Kl K2)/(K KBAlt)
10 0 ~ 40 0.10 SCHLE IN 63 HSC 2 ~ 0 K P
52 0~ 48 0 ~'07 BADIER 65 HSC 300 K-P

0 ' 44 0 ' OT LONDON 66 HBC 202 K-4

LO/66

10/6 6

10/66
11/6 7
LO/66

I 0/66

See the illustrated key precedint) the data card listings,
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Data in parcnthcscs have not bccn included in our avcragcs.

MESON RESONANCES

R7
RT
R7
R7
R7 F IT

RS
RS

R9
R9

R10
RLO
R10
R 10

Ril
Ril
R11

R12
R12

R13
R13

R14
R14

R15
R15

PHI INTO (PI+ F'I )/(K KBAR)
(0~ 2 I OR LESS LONDON 66 HBC

PHI INTO (E+ E )/(K+ K ) (UNITS 10tt-4)
40 6 ' 1 1 ' 7 SECKER 68 CNTR

F 2 K P

GAMMA C

PHI INTO
(53~ I
(7' 4)
3o5

(HU+' MU-)/TOTAL (UNITS 10tt-4)
OR LESS CALTIERI 65 HBC
OR LESS CHASE 67 CNTR

3 ' 5 leg WEHMANN 68 OSPK

2 ' 7 K P
PHOTOPRODo

12 K- C

PHI INTO (ETA C1PMAI/TOTA(.
(Oo2} OR LESS BADIER
(Oo08} OR LESS L INOSEY

PHI INTO (Pl+ Pl GAMHA}/(K KSARI
(Oo05} OR LESS I. INDSEY

PHI INTO (ETA NEUTRALSI/(K KBARI
(0 ~ 15) OR LESS LINDSEY

PHI INTO (OMEGA GAMMA) / TOTAL
(0 ' 05) OR LESS L INOS EY

PHI INTO (RHO GAMMA) / TOTAL
(De02) OR LCSS LINDSEY

65 HBC
66 HBC

65 HSC

66 HSC

66 HBC

30K P
2 ~ 7 K P

2e7 K-P

2o7 K P

2 ' 7 K P

2o7 K P

PHI INTO (Pl+ Pl- PIO (INCL ~ RHO Pl))/(Kl K2)
(De3) OR LESS SERLEY 65 HBC 2 ~ 9 Pl+l
Oe667 0 F 157 AUGUSTIN d9 OSPK E+ E- COLLeSEAHS

~ ~ e ~ o o ~ e ~
Oo50 Oe15 VALUE FROM COHSTRAINED FIT

10/66
4/69t

10/66

9/68

10/66
b/68
6/68

10/66
10/66

10/66

10/66

10/66

10/66

M

M

H
H
M

H

H

M

H

H

M

M

II
M

M

H

3 ETA (1060) MASS (MEV)

(1000 ~ 0) APPROX SINGHAM 62 HLBC 6-18 PI N

(1000e0) APPROX BICI 62 HBC 10eD Pl P
( 1000eo) ERWIN 62 HSC 2e10 PI P

30(1030~ 0) APPROXe SALTAY 64 HBC 3o7 PBAR P
(1025~ DI APPROX ~ SARMIN 64 HLBC 2 ~ 8 Pl P

20 1'068 ~ 0 10e0 CRENNELL 66 HBC 6 ~ 0 Pl
H 120 SCATT LENGTH F ITS SETTER HESS 66 HBC I 6-4 2 PI P

730 1079e0 6 ~ 0 5 ~ 0 BEUSCH 67 OSPK 5 ~ 7e12 Pl-P
54 1030' 10' ALITT. I. 68 HBCrOBC 3eb-5e0 K N

1065 ~ 10o. PHELAN 68 OSPK 4 PI-P - KS KS N

1 {1045e) (10e) PHELAN bS OSPK 4 PI P - KS KS
1 l 1035~ ) I 10~ ) PHELAN 68 OSPK 4 Pl P KS KS N

1 ABOVE 3 VALUES ASSUMINC NO 2PI DEC(IY ~ 2P I/KKBAR *1r ZPI/KKBARe2
A RESPECTIVELY SCATTERING LENGTH (+ 1 1 + 0 2tl) F ALSO F ITSo

1046 ' 0 7e0 AGUILAR 69 HBC Oe7rl F 2 PSAR P
AGUILAR 69 SEES INDICATION OF D WAVE IN ETA( 1060) REGIONo
~ e e ~ o ~ e ~ e

AVG 1062 1 8 7 AVERAGE tERROR INCLUDES SCALE FACTOR OF 2 ~ 5}
(SEE IDEOGRAH BELOW )

4EXGHTEO AVERAGE ~ 1062.1 + Be7
ERROR SCALED BY 2.5

10/66

6/66
ates

10/66
9/67
7/69t
6/SS
6/6 8
6/6 S

7/69t

R16
Rlb 1
Rib 1
R16
Rlb
R 16
R16
R16
1 lb AVG

R17
R17
R17

PHI INTO (E+ E )/TOTAL (UNITS 10tt 4)
5 (be6) (4oC'I ( 2e8} ASTVACATU 68 OSPK C Pl P
ERROR OF ASTVACATUROV 68 DOES NOT INCLUDE SIGMA(PHI) UNCERTAINTYo

27 7o2 3e9 BINMIE 68 OSPK 1 6 Pl- P
bol 2ob SOLLINI d8 CNTR . 1,9 Pl P
3 96 Dob2 AUGUSTIN 69 OSp'K Ee E- COLL BEANS
3e4 Do4 SIDOROV dg OSPK Ee E COLleSEAMS

~ ~ ~ ~ ~ ~ ~ ~ ~
3ebJ Oo33 AVERAGE (ERRO(t INCLUDES SCALE FACTOR OF 1 ~ 0)

PHI INTO (PIO GAMMA)/(TOTAL)
( o0035)OR LESS BEHPORAD 69 CNTR 5 ' 5 GAMMA N 7/69t

(0~ 01) Dlt LESS 5 IDOROV 6'I OSPK E+ E COlle BEAHS 9/69t

6/d8
6/a8
6/as'
9t(8
4/69t
9/69t

R18 PHI INTO (PI+ Pl )/(TOTAL}
R18 L. (0' 05) OR LESS LINOSEY2 65 HSC 1 7 2 7 K P ll/69t

L THIS RESULT(PUBLe ONLY IN LINDSEY THESIS}STILL VALID(PRI ~ CONe LIND ~ ) 11/69t
Fitted Partial Decay Mode Branching Fractions

Diagonal elements are P.+SP.; 6P. = o/ ( SP.6P.) . Off-diagonal elements are correla-
tion cooÃicients = (6P.6P.) /(SP, ~ SP.}.J

1000 1040 1080
ETA (1060) ((ASS ( t(EU )

AGUXLAR-
.PHELAN.ALXTTX
~ BEUSCH
CREHHELL

1120

CHISQ
69 HBC 5.3
68 OSPK 0.1
68 HBC 10 3
67 OSPK 9 ~ 5
66 HBC 0.4

2S.S
(COHLEU
=0.000)

P (. e455+ ~ 033
P 2 ~ 192 ~ 364+-~ 034
P 3 e 666 o 604 ~ 181+ ~ 049

tt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttt
ltEFERENCES FOR PHI

.SERTANZA 62 'PRL 9 180 SERTANZA(SRISSOkrCONNOLLYrHART + (BNL+SYR I
ARHENTER 63 SIENA CONF 2 70 ARMENTEROSeEDWARDSvASTIER+ (CERN+COP PARIS)
GELFAND 63 PRL 11 438 GEL&ANOr pILLER ~ NUSSSAUHvKIRSCHe (COLU+RUTC)

GELFANO 63 DATA INCLUDED IN NILLER 65 BELOW
SCHLEIN 63 PRL 10 368 SCHLEIN ~ SLATER ~ SMITHr STORK r 7ICHO (UCLA)

SAOIER
' 65 Pl 17 337 BAD( ER vDEMOULINr SARLOUTAUD+ IPAReLPCHEeZ EE )

SERLEY 65 PR 139 8 1097 D SERLEYvN GELPAND (SNL+COLUHSIA)
GALTIERI 65 PRL 14 279 A SARBARO GALTIERIvR D TRIPP (LRL)
llNOSEY 65 P'Rl 15 2?I JAHES S LINDSEYsGERALD 1 SMITH (LRL)

L INDSEY 65 DATA INCLUDEO IN I. INOSEY 66 BELOW
LINOSEY2 65 UCRL 16526 JAMES So LINOSEY (THESIS)
MILLER 0 65 CU-237(NEVIS 131) DAVID C MILLER (THESIS) I COLUHB IA )

GRAY ~ L 66 PRL 17 501 +HAGERTYr BI ZZARRI ~ CIAPETTI e ISYR+ROME) JPG
LINOSEY 66 PR 147 913 JAMES 5 LINDSEY GERALD 1 SHITH (LRL)
LINDSEYI 66 PL 20 93 JeS ~ LINDSEYr GeA ~ SMITH (LRL)

LINDSEY I 66 DATA INCLUDED IN LINDSEY db ABOVE
LONDON &6 PR 143 1034 LONDONrRAUrSAHIOSrGOLDBERG + (BNL+SYRACUSE)

ABRAHS 67 MD TECH REP 720 GERALD ABRAMS ~ THESIS (HARYLAND)
BARLOW 67 NC 50A 701 +L ILLESTOL+MONTANET+(CERN+COP+I R+LIVE'1 POOL )
CHASE 67 PRL lb. 710 ReCeCHASE ~ P eROTHWELL ~ R ~ WEINSTEIN(CEA+NEAST)
DAHL 67 PR ld3 1377 +HARDY+HE SS+KIR I+Ml ll'E R (LRL)
HERTZBAC d7 PR 155 1461 HERTZBACHrKRAEMER ~ MADANSKI r ZOANI Se(JHU+BNL)
KHACHATU 67 Pl 248 349 KHACHATURYAN+ AZ IMOV+BAt. D IN+SELOUSOV+( DUBNA }

ABRANS dB PR 175 16')7 +GLASSEIt ~ KEHOE r SECHI ZORN ~ WOL SKY ( MARYLAND)
ASTVACAT 68 PL 27 8 45 ASTVACATUROV AZ IHOV ~ BALDIN+ (J INR+HOSCOW)

A'LSO 67 PRL 19 869 ASSURY ~ BECKER ~ BERTRAM ~ TING+ (OESY+COlUHBIA)
SECKER 6S PRL 21 1504 +BERTRAHrSINKLEY/JORDANrKNASE'L+ (OESY+MIT)
8INNIE 68 PL 278 106 eOUANE+FARUQI'+HORSEY+ (leC LON+RUTHERF)
BOLL IN( 68 NC 56 1 1171 +BUHLER eDALPI AZ ~ HASSAMt (CERN+BGNA+STRB )
MOSTEK 68 PRL 20 1057 +E ISENHANOLER ~ MCCLELLAN ~ HI STRY+ (CORNELL)
WEHHAMN 68 PRL 20 748 +ENGELS+ (HARVARD+CASE+SLAC&CORNELL+MCGILL)

AUCUSTIN 69 PL 28 8 517 +81ZOTr BUON ~ OELCOURTr HAISS INSK I+ (ORSAY)
BEMPORAD 69 PL 29 8 383 +BRACCINI rCASTALOI v LUBELSMEYFRv+ (PISA+BONN)
SCOTTER 69 NC 62 A 1057 +ERSKINEePALER ~ + (BIRM+GLAS+LOIC+MPIH+OXF I
S IDOROV 69 OARESBURY CONF o VoAe SIOOROV (NOVOSIB IRSK }

ttttte ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt tttettttt tttttttttttt ttttttstt ttttttttt ttttttttt tetttttet tttttttt
+ ~ 3 ETA (1060r JPGeOeelle0

mV Vg I NAMED St BY CRENNELL 66o
THE DISAGREEHENT BETWEEN SOME OF THE OBSERVED WIDTHS IS

RELATED TO AN AMBIGUITY (N INTERPRETATION OF THIS KS KS PEAK EITHER AS A

RESONANCE ABOVE THRESHOLD OR AS A SCATTERING LENGTH EFFECT ~ FOR POSSIBLE
2 Pl MODE ~ .'SEE ETA V (1080I ~

3 ETA (1060) WIDTH (MEV)

'W

ii
' 'W

W

W

W

W 1
'W A

W

A

W

W AVC

20 80o0 15~ 0
168o0 21 ~ 0

BEUSCH 67 ASSUME NO S
SECOHES NARROWER THAN

54 45.0 35 ' 0
170 ' 40 '

(140 I (50 ~ )
(140~ ) l40e)

40 ~ 0 20o 0
SEE NOTE A UNDER

e ~ ~ e ~ ~ ~ e o
90e3 25 ' 0

(SEE I
AVERAGE (E'RROlt INCLUDES SCALE FACTOR OF 2e7)

DEOGRAM BELOW )

6/66
9/6 7

7/69t
6/68
6/68
6/6 8
7/69t

)JEXGHTEO AVERAGE -"

SORY

3 + 25.0
ERROR SCALEO BY 2.7

"SO SO 150
ETA (1060) t}XOTH (I}EV)

2SO

AR- 69 HBC

N 68 OSPK
I 68 HBC
H 67 OSPK
ELL 66 HBC

I

350

CHXSQ
6.3
4.0
3 ~ 3

15.1
0.5

29.1
(CONLEV
n0. 000)

Pl
P2

3 ETA (1060} PARTIAL DECAY IIDDES

ETA (1060) INTO KKSAR
ETA (1060} INTO PIPI

'
DECAY MASSES

493+ 497
139+ 1 34

CRENNELL 66 HBC 6e0 PI-P
19e0 BEUSCH 67 OSPK 5r7s12 Pl-P

'WAVE SCATTERING LENGTHo WITH S }(AVE THE WIDTH
QUOTED ABOVE'

15 0 All TT I 68 HSC ~ DBC 3 6-5 0 K- N

PHELAN 68 OSPK 4 Pl P KS KS N

( 30e I PHEt AN' 68 OSPK 4 P I~P KS KS N

PHELAN 68 OSPK 4 Pl-P - KS KS N

AGUILA'R 69 HBC 0o7 ~ I ~ 2 PBAR P
MASS ABDVEe

See the illustrated key preceding the data card listings.
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Data in parentheses have. not been I'neluded t'n our averages.

MESGN RESONANCES

Rl
Rl
Rl

3 ETA (1060) BRANCH(NG RATIOS

ETA (1060) INTO (PI PI)/(K KBAR)
(2 ' 5) OR LESS CRENNELL 66 HBC

1 0 , 0 6 0 ' 3 LAI 68 HBC

because of statistics and. the shape of the back-
ground, :is not overwhelming. The facts that
i) it is not seen in simpler final states (e. g. ,

+ - 0
pp ~ 2m 2m m ) and 2) there are xnany other

pp expe r ixnents in the s arne re gion that hav e

REFERENCES FOR ETA( 1060)

BIGI 62' CERN CONF 247 A BIGI r S BRANOTr R CARRARA' + (CERN )
SINGHAM 62 "CERN CONF 240 H H BINGHAMyM BLOCH + (PARI S+EC POLY+CERN)
ERW IN 62 ~RL 9 34 FRWIN HOYER MARCH WALKER WANGLER (WIS+BNL)

64 OUBNA CONF 1 409 BALTAYrLACHrCRENNELL, OREN ~ STUMP +(YALE+BNL)
64 OUBNA CONF 1 433 BARMINr COLGOLENKOrYEROFEEVrKRESTNI+ ( ITEP)

BALTAY
S(AR MIN not rep'orted, seeing the A& xnake the case for

its production in pp reactions dubious.
CRENNFLLrKALBFLEI SCHrLAI rSCARRrSCHU+ (BNL)
+0 AHL+HAROY+K IR 7+ PI LLER (LRL)
Al. FXANOER OAHL ~ JACOBS KALBFLEISCH + (LRL)

CRENNELL 66 PRL 16 1025
HESS 66 PRL 17 1109

HESS REPLACES PRL 9 460

~ A& production has been reported in
two K p emperirnents. At 6 GeV/c ALLISON67

+ +report a 9 + 3pb (m m m ) peak at 1100 MeV in
K p ~ A 2m 2m' and a 15+5pb (m m m ) peak
at ii00 MeV in K p~A 2m 2m vr . In addition
to the fact that evidence for the first peak is
rather weak, ALLISON 67 state that identifi-

67 NC 50A 70).
67 PL 25 8 357
67 PR 163 1377

BARLOh
BEUSCH
r)AHL

+L I L L E S T0L+ MO NT AN E T+ ( C E R N+ C 0 F+ I R +L IVER POOL )
+F I'SCHER GOBB I ASTRURY MICHELINI+(ETH+CERN)
+HAROY+HE SS+K IR I+HI LL E R (LRL )

ALITTI 68 PRL 21 1705 +BARNESrCRENNELLrFLAMINICrGQLOBERGr+ (BNL)
HOANG 69 NC 61 A 32'5 T ~ F ~ HOANG (ANL)
LAI 68 PHILAO CONF' P 303 KWAN WU LAI (BNL )
PHELAN 68 THESIS JAMES J ~ PHELAN (ANL+ST ~ (.OUI S UNIV)

ALSO 68 PRL 21 316 HOANGr E AR TL Y r PHEL AN r RO BERT S+ ( ANL+C HI C s NOAH )

(CERN¹COF)M. AGUILAR-BEN ITEI r J BARLOWreAGUILAR- 69 PL 29 8 241
ALSO BARLOW 67¹¹e¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹et¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ 4¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹*¹¹¹¹¹¹¹¹¹¹¹¹¹¹

( ) 10 41 IlESON (1070, JPG ~ It-) ' Il~ I

cation of either peak with the A& is open to
considerable doubt. At 4.6 and 5.0 GeV/c,
JUHALA 67 report an 85+25pb (p vr ) peak at
f060 MeV in the reaction K p ~ K p p m, but

I

the statistics are much too poor to conclude

anything definite.
In K p interactions there are again two

experiments, BERLINGHIERI 69 at i2;8 GeV/c

A& Production in Reactions Other . .Than ~p
The A& has been seen mainly in the re-

action m p ~ A p
() +

+

where axnbiguities resulting from the presence
of the Deck effect complicate the question of

its interpretation as a resonance. There has

been one experixnent, ANDERSON 69, which

produced the A in the reaction m p ~ p A&

in the backward direction, where the Deck

and ALEXANDER 69 at 9.0 GeV/c, which re-
port A& production, but there is a xnuch larger
emperiznent, RABIN 69, at i2.0 GeV/c that sets
an upper limit of 0' (A&) & 5pb for high-energy
K p interactions. A comparison of the various

reactions in these three experiments is now

effect is not applicable. The A& so produced,

however, has much steeper u-dependence
than exhibited by the other well-known reso-
nances also produced in the same experiment.
Moreover this steep dg/du has no siznple the-

tabulated.
The xnomenta of the two first experiments

oretical explanation. Hence we still accept
this striking manifestation of the A& with some
res e rvation. It is the ref ore of inte re s t to
look for A& peaks in reactions like pp and.

K p, where it cannot be diffraction-produced.

~ Two pp experixnents reported seeing
the. A& in pp ~ 3m 3 m (DANYSZ 67 and

FRIDMAN 68), where the evidence presented,

combine reactions selectively.
In summary, there is little evidence for

A& production in reactions other than m p,
especially if we take into account all of the ex-
isting expe riments in pp and K p, most of

which have null results.
See the illustrated key preceding the data card listings.

are so close that we feel that the tentative A&

peaks of the smaller sample xnust be considered
overwhelmed by the absence of peaks in the

larger. As to the ALEXANDER 69 experiment,
the A& peak is not very clear in any single re-
action, and we warn that it is dangerous to



PARTIczz DATA GRotrp Review of Particle Properties )39

MESON RESGNANCES

Data in parentheses have not been included in Our averages.

Discrepancies in observation of Ai production in K p reactions

A+

+ +
pm m m

A+

0 + + - +K pTr Tr ~ K pn~no de-
cay seen

A0

+ - 0
'rr Tr 'rr

A

0 ++-0KpmmmTr

Ai (2 combinations)

Reaction (2) (3) (4)

BERLINGHIERI 69, t2. 8 GeV/c

Events compared:

Ai events above
"background" a:

0 (Ai):

38i in
Fig. ia

22
- 20pb

3497 in
Fig. ib

i30
—40pb

RABIN 69, 12.0 GeV/c

Events compared:

Ai events above

background:

o(A ):

i454 in
Fige 4a

0

5p,b

5434 in
Fig„4d

0

& 5p.b

with l tpp I

&0.3 GeV2
to simulate
BERLIN-

GHIERI
8685 in
Fig. ib

0

& 5pb

2647 in
Fig. 4b

0

& 5pb

A0

5294 comb.
in Fig. 4c

0

& 5pb

ALEXANDER 69, 9.0 GeV/c i9i3 (Ki + Kn) events in

Fig. 4 seem to show an
Ai peak.

68i2 events
in UCRL-
i832i show
no Ai.

i000 events 2000 co~
in Fig. 5b in Fig. 5a.
show no A Maybe some

i

"Background. " drawn by authors, not our estimate.

10 Al MESON MASS fMEV)

MASS ANO WIDTH MIGHT HAVE LARGE SYSTEMATIC
ERRORS OUE TO COMPLICATED BEHAVIOR OF BACKGROUND ~

LIEI(vHTEO AUERASE ~ 10'74.0 a 0.0
ERROR SCALED BY 2.3

PRODUCED SY Pl ONSr RESONANCE INTERP ~ CONFUSED BY DECK EF)-'ECT
M PRODUCED SY Pl +
M {1080' 0) 4 ~ 0 PI+P

( 1080m) .. APPROX' + 8 Pl+ P
PRODUCED BY P I

M (1060 ' ) ASCOL I -0 5 PI-P
M 1089m 0 12 ~ 0 BAL{.AM 16~ 0 Pl P
M {1080~ ) APPROX ~ CASO 11 PI- P
M l 1090 ) APPROX C HUNG 3 ~ 2r 4 2 PI-P
M 1 055 ~ 0 6 ~ 0 JUNKMANN 16 ~ P I Pr 5PI
M S {1119~ ) {30m) KEY 3 PI P
M S SHOULDER ON A2 NLY
M l 1079~ 5) l 10~ ) GHMS COLL 69 HBC 0 11 PI- P

PRODUCFO 'BY PIONS BACKWARDS SCATTY NO DECK BUT SURPRISING U-DEPENDENCE
M 1115 0 20.0 ANDERSON 69 MMS — 16 Pl- PE BACKW9

PRODUCED BY PBARS ~ SEE TYPED NOTE ~
M ' ( 1054 ' ) ( 7 ' ) DANYSI 67 HBC e 3r3 ~ & PBAR P
M {1042~) (21 ) FRIDMAN 68 HSC + 5 ~ 7 PSAR
M PROCUCEO BY K-r SEE TYPED NOTE ~
M 1111~ 1Qo 67 HRC + 6 K-PrLAM +5 Pl
M 1117~ 30~ 67HBC + 6 K P ~ LAM+4 Pl

1060~ 15 67 HRC 0 4+6-5 K-Pr58ODY
PRODUCED BY K+r SEE TYPED NOTE ~

M K + 1060 0 20 ' 0 ALEXAhDER 69 HBC + 9 Kep
K+ i{030~0) {20 0) BERLINGHI 69 HSC + 0 12 ' 7 K+ P

M K+ FOR CONTRADICTORY EVIDENCE SEE RABIN 69 AND TYPED NOTE ~

~ ~ 0 ~ ~ ~ ~ ~ 0
AVG 1074' 0 10' 0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ' 3)

{SEE IDEOGRAM BELOW )

ADERHOL I 64 HBC
BOESEBECK 68 HBC

68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC

ALLISON
ALLISON
JUHALA

6/68

6/68
9/68
6/6S
2/67
9/69III
9/6 8

9/69e

8/69»

7/6 7
6/68

I /68
1/68
1/68

9/69»
9/696

~ ~ i ~
I

~ ~

. - . -ALEXANDER
~ " .JUHALA

.ALLISON

.ALLISON
~ ANOERSON

K(1ANN

LAM

1020 1060 1100 1140 1180
A1 I 107D) MASS IITEU)

69 HBC

67 HBC

67 HBC
67 HBC

69 MMS

Se HBC

6e HBC

CHISQ
O. S
0.9
2.1.

13 ~ 7
4.2

10.0
1.6

32.9
(CONLEU
=0.000)

See the i(iustrateri (sey preceding the data card listings.
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ME SON RESONANC ES

Data i» parestheses have sot bees t'scluded is our averages.

10 Al MESQH WIDTH (MEV)

If SEE NOTE UNDER Ai "ESCN MASS.

ALL I SCN
ALL ISCN
JUHAL4

L[EIGHTEO AUERAGE = SS,7 4 13.0
ERROR SCALEO BY 1.4

K PRODUCED BY PIDNS RESCNANCE [NTERP ~ CONFUSED SY DECK EFFECT
K PROPUCED SY Pl +.
W ( 80 ~ 0 I ADERHCLZ 64 HBC CD 0 Pl+P

(130 ~ ) APPROX' BOESE BECK 68 HBC + 8 Pf t P
PRODUCED RY PI

W 306 ( 146 ~ 0) (18~ 0) ABSCH COL 6S HSC - 16~ 0 PI- P (3 PI I
W 140 ~ 0 31 ' 0 RALLAM 68 HSC 16 ~ 0 PI P
W f looe) APIGROXe cAsn 68 HBC 11 Pl P

( 125 ~ ) APPROX ~ CHUNG 68 HBC - 3 ~ 25 5 ~ 2 P I-P
W 77 ~ 0 17~ 0 JUNKMANN 68 HBC ««Lb ~ PI P ~ 5PI

K I 76 ~ I (46« I KEY 68 HSC ~ 'I 0 Pf P
If K SHOULDER ON A2 ONLY
W (85 ~ 0) (20 ~ 0) GHMS COLL 69 HSC -0 11 P I- P
K PRODUCED BY PIONS BACKWARDS SCATT ~ NO DECK BUT 45(AZ ING V-DEIGENCENCE
W 98~ 0 45 ~ 0 20 ~ 0 ANDEA SON 69 HH5 16 IG I- P BACKI(9
W PRQDUCEO RY PBARS, SEE TY55ED NOTE
W ( 3'.I ~ I (19~ ) OANYSl 67 HRC + 3 ~ 3~ 6 PBAR P
W ( 130~ ) APPROX ~ FR IDM AN 68 HAC + 5 ~ 7 PBAR
K PRODUCED SY K- ~ SEE TYPED NOTE
W 50 ' 50 ' 67 HSC t 6 K P ~ LAH tC P[
K 'lo ~ 25 ' 67 HBC t 6 K BLAH t5 P[
W 120 ' 15~ 67 Hsc 0 C.e-5 x-p, 58ODY

PAQDUCFO BY Kty SEE TYPED NOTE ~

W ( 160 ~ 0) (20 ~ 0 I ALEXANDER 69 HSC + 9 KtP
k 8 (120~ 0) (30 0) SERLINGHI 69 HBC 12 ~ 7 K+ P
k Kt FCP CQHTRAOICTORY EV(CENCE SEE RABIN 69 AND TYPED NOTE
If (L30 ~ 0) (20 ' 0) RERL INGHI 69 HBC + 0 12 ~ 7 K+ P
W ~ ~ ~ ~ ~ ~ ~ ~ ~
If AVG 95 7 13 0 AVERAliE (ERROR INCLUDES SCALE FACTOR OF I CI

(SEE IDEOGRAIII IsELOK )

6/68

9/( 8
9/6 8
6/6 8
2/6 7
9/6 91

11/6 7

9/6 91

8/6 91

7/6 7
6/68

1/68
L/68
1/68

9/691
S/691

9/691

SLATTERY
ASHEN ISE
CNQPS
DONALD
KENYON
HAGL IC

67 Nc 50A 377
68 PL 26 8 336
68 PRL 2L 1609
69 NP 8 11 55L
69 PRL 2 3 146.
69 LUND CONFERENCE

+KRAYSI( LtFOR)544tFERBEL (Y4LE+ROCH) JP
+FORf NC+CARTACC I+ (SAR I+SCL tF IR+DRSAY)
tHOUGHtcCHN ~ RUGG+ (ANL+ORNL+ORUC+TENN+PENN I

+EDWARDS GBURAN ~ BETT IN I ~ + ( L I VP+OSLO+PADO)
+Kl 45QN ~ SCARR 5+ t BNL+DRUC+OR4L I

HAGL Ic RVUE (RUTG)

11111ttet etteteeet ~ tteetttt 1'ettttett tetett tee eeet ttttt 1~ttt tet
111'ettee 1tetet tet tttttteee ~ 11~eeet

r)v(1CBC)
30 ETA V (1080~ JPG V +) I 0 J GREATER TH44 I

OMITTED FPCM TABLE

30 ETA V IGASS (MEV)

H

M

M

H 4
0

M AVG

(70' 0)
(25eo)
150 0

30 ETA V WIDTH (MF. V)

OR LESS MILLER 68 HBC 4 ~ 0 PI- P 9/68
OR LESS IfHITEHEAO 68 ASPK 3 ~ 1 3 ~ 6 Pl-P 10/67

100eo 40eo OH 69 HBC 7 ~ Pl P ~ Pl+ D 9/691

1060 0 1'5 0 HILLER 68 H5IC 4 0 Pl- P 9/68
70 1085~ 0 Loco WHITEHEAD 68 ASPK 3 1-3e6 P I-P 10/67

1120~ 0 100~ 0 40«0 OH 6'I HSC 7 ~ PI P GP[+ 0 9/691
QTf THAT 'IN A COHPllAT[ON OF Pl N HBC DATA WtTH TWICE THE STATISTICS
F WHITEHEADS COMP ILATIQN ~ NO Pl+ Pl PEAK IS SEEN ~ (PeSCHLE IN 68)

~ ~ ~ ~ ~ e ~ ~ ~

1077e9 1 1 ~ 5 AVERAGE I ERROR INCl. UDES SCALE FACTOR OF 1 ~ 4)

et tee 11111111111tttt eet 11111111111ttet t t1 ~ 1~ettttt t tete 11et 1 tttet et

REFERENCES FOR ETA V

MILLER 68 PRL 21 1489
SCHLE IN 68 PRIV COMM ~

WHI I'EHEA 68 NC 53 4 BLT
OH 69 PRL 23 331

+GUTAY ~ JOHHSOh KEHhEY+ (PUROUE+NDAHE+SLAC )
P ~ SCHLE IN ( UCLA)
Cel(HITFHEAD + (HARKELLtSTHAHPTtU ~ C«LOhl)
+WALKER ~ CARROLL ~ F IRFRAUGH ~ + lk[SC+TNTO I

testee ttttttttt tetetttt ~ eeet ~tt ~1 ~tttttte ~ ttt111~ 11 etef ttttt ttteettt
111111 ~ teettttt 11111te~ 1 ~ tttttete ttttetttt etttt1111 eeet ttttt ttttettt

-SO 50 1SO

A1 (1070) LIIOTH t t)EU)

~ JUHALA

ALLISON
ALLISON
ANOERSON

-JUNKMANNl.BALLAll

250

67 HBC
67 HBC

67 HBC

SS 7)f[S
68 HBC
68 HBC

CHISQ
2.6
3 ~ 3
0.8
0.0
1.2
2.0

10.1
[CONLEU
=0.074)

44 &ASS l MEV)

(1190 I (4 ~ )
( 1170 )
( i[95.O) (iS.OI

11 77 ' 0 8 ~ 0

CASQH 67 HBC
ASCDL I 68 HBC
VQN KROGH 68 HSC
JUHKIJANh 68 HSC

8 P I-P
-0 5 P I-P

6 7 Pf- P
16 ~ PI- PG 5P[

Jlf e(117p) lc 3 l. 5 I lllGJP ~ "I I ~ l
2

BIJHP IN 3 PI AND RHO Pl MASS SPECTRA BETWEEN Ai AND 42 ~~ EVIDENCE FDR RESONANCE NCT CQHPELlfNG OMITTED FROM~ TABLC.

6/6 8
6/68
9/6 8
9/691

PL
02
P3
PC
15

10 41 PARTIAL DECAY MODES

A1 INTO RHQ PI
A 1 [NTQ KBAR K

A 1 INTO F. 'TA P I
Al INTO ETA PRIHE Pl
Al INTO 3 PI

DECAY HASSES
765+ 139
493+ 497
548+ 139
957+ 139
139+ 139+ 139

W

W

W

W

4VG

WIDTH (5(EV)

(17 )
45 '

(20 ' 0)
20eo

~ ~ e ~

27 ' 7

(L2. )
15 '

(10 0
10 ~ 0

(6 ~ ) CASCN 67 HBC - 8 Pl-P
ASCOL[ 68 HIIC 0 5 Pl-P

I VCN KAOGH 68 HSC 6 7 Pl P
JUNK5IANN 68 HSC - 16 ~ PI- P ~ 5PI

AVERAGE (ERRCR INCLUDES SCALE FACTOR QF I ~ 4)
~ ~ ~ ~

11 ' 5

etttttet ttettttee ttttttttt tttettttt tttetttte tettttttt tettt ~ tt
Rf cERENCES ON 4 1 ~ 5 l 1170)

6/68
6/68
9/68
9/691

Al
RL
Ir L

10 41 BRANCHING RATICS

DAHL
41 INTO (KSAR K)/(RHO Pl )

IO ~ 0025)QR LESS
AL [470 (KBAR K)/(RHO PI )

67 HBC 4 ~ 0 Pl P 10/66

AUTTERWO
CASON
ASCQL I
DONALD
VCN KROG
JUNKHAHN

67 HEIDELB CONF ~ P ~ 28 REVIE'W TALK QK HE SONS AT HEIDELSERG CCNF ~

67 PRl 18 SBO +LAMSA, B ISWAS, DEP40O, GACVES, + (NOTREDAHE)
68 PAL 21 1 1 3 tcAA WLEY GKAUSE 5 MORTAR 45 SCHAF ERG+ ( ILL INC[ 5 )
68 PL 26 8 327 +FRODESE45SETTINI ~ + (LIVERPOOL ~ CSLOGPADUA)
68 PL 278 253 tHIYASHITA, KOPELHAH ~ MARSHALL LIBBY (COLO)
68 5(P 88 471 tCnCCQN[ t ( AACH+5)ERL'+RQNN+CERNtKAR5 I

ttett ~ tttt ~ eeet tetetttt1 tttttttte 111tttttt tf ~ ~tettt 1~ eet ~ 111 tttetttt
REFERENCES FOR AI

AOERHCLZ 64 PL 10 226 AACH+SERL+8 IRM+SONN+DESY+HAMR+IMP ~ COL+ HPI

111111 11111111111'~tet 1~1 1~ et ~1111 etteet 111 tete' ~ 'OttO 1111111111'etetttt
tete et ttte ~ 111t ttteetet ~ tttttetet tttttt111 1111tttee tttt ~ tttt 111tt~ tt

8(1235) «3 «230« ll235, J«G ~ 3 I I 3

ALLISCH
DAHL
DANYSZ.
JUHALA

67 PL 258 619
67 PR 163 1377
67 NC 51 4 801
67 PRL 19 1355

+CRUl+ t QX F+HUN+8 IRM+RUTH+GLASG+LCNI [C I )
+HARDY+HE SS+K IR I+HILLER (LRL)
DANY5Z+ FRENCH+5 IHAK (CERN)
+LEACOCKtRHQDE+KOPELHANt tfCW4tCQLOI

ASCQL[ 68 FINO JP EITHER ef t ~ QR 35 2+53- ~ ~ ~ ~

Bll [ARRI 69 GET GOOD FIT ONLY FOR JP~ Lt OR 1-~

THE SEA IES JP=3- ~ 5- ~ ~ ~ e SE EHS UNLIKELY BECAUSE 2P I AND
K KS AR DECAYS AP E NQT CII SERVED ~

ASSCH CO
ASCQL I
SALL AM

ROESESEC
CASQ
CHUNG
FR IDHAN
JUNKIJ4NN
KEY

68 VIENNA CONF
68 PRL 21 113
68 PRL 21 934
68 NP 8 4 501
68 4C 54 4 983
68 PR L65 L49L
68 PR 167 1268
68 NP 88 471
68 PR 166 1430

ALEX ANCE 69 PR 183 1168
ANDERSON 69 PRL 72 1390
REAL INGH 69 'PRl 23 42
GHMS COL 69 LUND CONFERENCE
ROCHESTE 69 LUND COHFERfhCE

G ~ ALEXANDERGA«F IRESTONE ~ GNGOLDHABER lLAL)
+COLLINS ~ + (BNL+CAANI
RERLINGHIFR[ FARBCR + (ROCH)
HAGL IC RVUE ( GEHO+HAHS+H I LA+ SAC L I
554GL IC RVUE IRQCH)

PAPERS NOT RfFERRED TO fN DATA CARDS

466 COLLABORATION AACHEN BERLIH+RCNhltCER4+HE ID
+CRAWLEYGKRUSE ~ MQRTARA ~ SCHAFER ~ + ( ILLINOIS)
+BRQOY ~ CHAD'WICK ~ FRIES ~ GUIRAGQSSIAN+ (SLAG) JP
BQESEBECK ~ DEUTSCHMAHH ~ + ( AACHEN+ BERL tN+CERH)
+CllNTE+COROS+ 0 I 4 2+ ( G E40VA+ HAH II tHI L+ 5 ACL )
5 ~ U CHUHG ~ 0 ~ OAHL ~ J ~ KIRZ 0 H MILLER (LRL)
+MA URER ~ HICHA LON ~ CUDET+ (Hf I CELA+STRASBOURG)
+CQCCON I+ l AACH+BEA L+RQNN+C ERN+kAR 5)
+FR ENT ICE+COD PERtrf AHNER tWALKER+t TO+ANL+W[ 5 I

11 I) MESON eASS tHE V)

H

H

M

H

H

M

M

M

M

M 8
H

H AVG

60(1220 0) 4&QL[HS 63 HSC
(L220 ~ 0) GQLDHABER 65 HRC

37e iloo. 2o. BALTAY 67 HBC
25(1750e) EST[HATED LEE 67 HRC

1259 0 27 ~ 0 RQESE BECK 68 HRC
(1250« I APPROXe CASQ 6S HRC

1220 ' 20 ' CHUNG 68 HSC
IN THE 3 4 Pl-P DATA ~ THE 8 ENH4NCEMEHT MAY BE DEC
150ll230 ~ ) APPROX' G IDAL 68 HBC
300 1245e 1 0 ~ Bf Z ZARR I 69 HSC

OVERLAPPING 8-MESON SANDS TAKFN INTO ACCOUNT
e ~ ~ ~ ~ e ~ e ~

1235~ 5 10,5 AVERAGE (ERRCA INCLUDES 5
(SEE [DEOGAAH BELOW I

+ 3.5 f3[tP
3 ~ 7 P I+ 5 PI-P

+ 0 0 PBAR P
3 6 PI P

t 8 ~ 0 Plt P
11 Pl- P

3~ 2 ~ 4 ~ 2 PI- P
K EFFECT (CHUHG 68)
+ 3 4 PI+ P

0 PSAR P
BY SIZZARR[

GALE FACTOR CF 1.3)

2/6 7
i/68

10/67
6/68
9/67

6/68
9/691

BELL IN[
GOLOHASE
LANDER
ABOL I NS
ALITTI
AL.LARD
HESS

63 NC 29 896
64 PRL 12 336
64 PRL 13 346 4
65 ATHENS I

CHIO�

)CCNF e
65 PL 15 69
66 'NC 464 737
66 UCRL. 16832

SELL IN[ ~ FIQRINI tHERltNEGA[ ~ RATTI (MILAN)
GDLOHABER ~ BROWN ~ KADYK ~ SHEN TRILL ING(lllL+Uc )
LANDERGAROLINSGCARHCNY ~ HENDR[CKS + [UCSD) JP
+C AAMONY ~ LANDER ~ XUQHGG YAGER ( LA JOLLA) I KL

AL I TT I 5 BATON 5 Df LER 5 CAUS SARD+ ( SAC+ROL I
+ORI JARD+HENNESSYt (ORSAYtMILAN+SAC+SERK I
A [ HESS ( THE SIS ~ BERKELEY) (LAL)

Sae the illustrated )fey precediny the data card listinSs.



PARncrE DATA GRoUP Re@jere of Partiote Properties 141

MESON RESONANCES

Data is Parentheses

LlEIGHTED RUERRGE ~ 123S.S 4 10 .S
ERROR SCALED BY 1.3

have sot . been included in our averages.

R6 8+- INTO t(K KBAR)+» PID) I tPI OMEGA)

IO ~ 08) OR LESS tCL 90) BALTAY 67 HBC +- 0 0 PBAR P

Itb S+ INTO (KS KS Pl+-) / I PI OMEGA)
Itb (0 ~ 02) OR LESS (Ct. 901 BALTAY 67 HRC +- 0%0 PBAR P

Rb Re INTO (KS KL PIP ) I (Pt OMEGA)

R6 (0 ~ 06) OR LESS (CL 90) BALTAY 67 HBC +- 00 PSAR P

tttttt 11111111111'1111111ttttttt 11 ttttttttt 1111111111t1111111tttttttt
REFERENCES FCR P MESON

2/6 7

2/67

2/6 7

ABOL IhS 63 PRL I 1 ')81
AOERHCLZ 64 PL 10 240
GOLDHABE 65 PRL L5 118

ABCLINS LANDER MEHLMOP XUONG YAGER (UCSD)
AACHEN+RER L I N+8 IRM+BCNN+HAMRUR+ I C-LCNO+MP I
G GOLDHABER 5 GCLOHARER KAOYK SHEN (LRL)

BIZZARRI 69 HBC. ~ ~ CHUHG 68 HBC
.BOESEBECK 68 HBC

TAY 67 HBC

11SO 1200 12SO 1300 13SO
8 f)ASS I ftEU)

11 8 MESON WIDTH (MEV)

CHISQ
0%9
0.6
0.8
3 ~ 1
S.4

(COHLEV
=0.144)

BALTAY 67 I%RL 18 93 +SEVER IENS+YEH+ZANELLO (CCL+BNL)
DAHL 67 PR 163 1377 +HARDYtHESS+K IRZ+MILLER (LRL)
LEE 67 PR 159 1156 tMOEBSrRCEySI hCLAIRrVANDERVELDE (MICHIGAN)

BOESEFEC 68 NP 8 4 501
CASO 68 NC 54 A 983
CHUNG 68 PR 165 1491
GIOAL 68 UCRL 1 t984

RO ES EBFCK e OEII T5CHM hNN ~ + I 44CHE'@+8 ERL I N+CE'4N )
oCCNTErCOROS+0147+ (GENOVA+HAMS+MIL+SACL )
S.U ~ CHUNG & DAHL ~ J ~ KIRZ O, H ~ M(LLER tLRL)
+BROWN P IRGE ~ PACASTOW ~ PUNG+(LRL+U ~ C ~ RIVERS)

RIZZARRf 69 CERN/0 ~ PH 69 9 rFOSTFP GAVILLCT ~ MONTAMET ~ + (CERN+COF )

PAPERS NCT REFERRED TC IN DATA C4RDS

BCNDAR 63 PL 5 209 SONOAR OODOe I AACHEN+SIRM+HAMR+ IC-LONO+MP I )
CARMONY 64 PRL 12 254 CARMONY ~ LANDER ~ RINOFLEISCH XUCNG YAGER (UCI JP
SALL4M 67 HEIDBG CONF P ~ 33 +BADDY, CHADWICK ~ FRIES ~ GUIRAGOSSIAN+ (SLAG)
SLATTERY 67 NC 50A 377 +KRAYBlLL+FCRMAN+FERSEL (YALE+ROCH)
ASCOLI 68 PRL 20 141L +CRAWLE Y ~ MORTAR A ~ SHAPIRO (URSANAI JP

W

W

W

8

W AVG

60 too eo
(80 ' 0)

376 Looe
25 ( 100~ I

203 e
150%

300 83 e
OVERL

e ~ e ~

101~ 9

L)EIGHTED AVERAGE = 101.9 + 14.4
ERROR SCALED BY 1.7'

20 ' 0 ASOt. lNS 63 HSC + 3 ~ 5 Pf 1P.
GCLOHARER 6'5 HSC 3 I P I+e Pl-P

30' BALTAY. &7 HSC + 0 ~ 0 PRAR P
ESTIMATED LEE 67 HRC 3 ~ 6 Pl P

75 ~ BCESESECK 68 HBC + 8% PI+ P
20 ' CHUNG 68 HBC - 3~ Ze4 2 PI- P
12~ Bl ZZARRI 69 HRC + 0 PBAR P

APPING 8-MESON SANDS TAKEN INTO ACCOUNT BY BI ZZARR I
~ ~ ~ ~ ~

14 ~ 4 AVERAGE (ERRCR INCLUDES SC4LE FACTOR OF I ~ 7)
(SEE IDEOGRAM BELOW )

2/6 7
I/68

11/67
9/6 7
9/691

F MASS tMEV)

3 ~ 0 PI P
4%0 Pl
6% I P I-P
3~ 3 Pl-P
3%7 PI I'
heo PI- P
5 ~ 7 PB4R

2-3 PI Pr 7 CUT20
Loco Pl P

I KOL Ko 1 MODE )
4%2 PI-P I ALL T)
4 ~ 2 Pl P (7 CUT 20)

25 ~ 01250 ' 0
5( 1260 ~ 0)

12&O.O

5( 1250%0)
(1250' 0)
I 1270%0 I

1240 ~ 0
6 1267%0

1275~ 0
(L255 ~ )
( 1271~ )
I 1264~ )

I NCLUD EO
(1262 ' 0)
I 1276 ~ )

5-WAVE
126'
1270 ~
1265%
1241 '
1267 '
)268 ' 0

(1270%0l
12'55 ~ 0

(LZTO. O)
~ e ~ e
1264 ' 3

M

J
M

M

M J
M J
M

M 141

M J
J

M J
M

5
M - 5
M

M

M

M

M

M

M

M

M AVG

SFLOVE
SCNOAR
VE I LL ET
GUIRAGOSS
LEE
DERADO
ACCEN Sl
JACCSS
W4H(. I G
BAR LO W

8 ISNER
E ISNE R

62 HBC
63 HBC
63 FBC
63 HBC
64 HBC
65 HRC
66 HSC
66 HBC
66 CSPK
67 HBC
67 HRC
67 HSC

7/691
35 ~ 0

7/6 91
7/691
6/66

Lo/6 7
6/66

I 1/66
7/691
7/691

20 ~ 0
'Loco
25%0

(13 )
' (9 ' )

(7~ )
IN JOHNSON 68

(7 ' 0)
(Lle)

BR E IT-W IGNER
4%
5%
8 ~

38 ~

15%
6%0

(15~ 0)
10%0

POIR I FR 67 HSC
RABIN 67 HBC

F IT

IL/67
9/67

SOPI-P
85 Pl+ P

5 1 P I+N ~ P PI+-
5 ~ I P I+NeP PIC 0
S Pf+ P
PBAR P AT REST
8 P I-P

0 3 ~ 74%2 Pl
3%2 Pl PeP(+PI N

1%2 PB P ~ 2PI
11~ Pl PrNZPI

ARMENI$E
ARMEN ISE
ROESE BECK
FOSTER
LAMSA
JCHNSON
WHITEHEAD
DONAL 0
C ASC

68 ORC
68 ORC
68 HBC
68 HBC
68 HBC
68 HSC
68 ASPK
69 HSC
69 HSC

br 68
6/68
6/68
6/68

10/67
7/691
6/68
8/691
8/691

AVERAGE IERRCR INCLUDES SC4LE FACTOR OF 1 ~ 0)2%4

111111111ttt~tt ttttttttt 11111111111111111111ttt ~ ttt ~ 1~ 1111111~ 111111
111111ttttttttt tttlttttt 111111111ttttttttt ttttttttt 111111111tt111111

f(12()C) s F (l?60 JPG 2&&) I D

P1
P2
P3
ph
P5
Pb
PT

0 100
8 L(IDTH (f)EV)

200

. .BIZZARRI 69 HBC

. .CHUHG 68 HBC

BOESEBECK 68 HBC
~ .BALTAY 6/ HBC

.ABOLIHS 63 HBC

300 400

CHISQ
Z. S
S.B

0.0
0.0
8.3

(CDHLEV
=0.041)

ll 8 MESON PARTIAL DECAY MODES

DECAY M455ES
783+ 139
139+ 139+ 139+ 139
4931 493
139+ 139
134+1019
548+ 139
493+ 493+ 139

8 MESON INTO OMEGA+PI
8 MESON INTO 2PI+ 2PL-
R MESON INTO K KBAR
O' MESON INTO Pl PI
8 MESON INTO Pl PHI
8 MESON INTO ETA PI (FORBIDDEN BY G)
8 MESON INTO K KB4R Pl

5 F WIDTH I MFV)

25 ~ 0

CR LESS
(20 ' 0)

SEL DYE
SCNOAP
VE ILL ET
(.EE
DER ADO

62 HBC
63 HBC
63 FBC
64 HBC
65 HBC

30PI P
4 ~ 0 Pl P
6 1 PI»P
3 ~ 7 Pl P
4 0 P I- P

W

W J
W

J
W J
W J

W 1
W

~ W

W J
W J
W

W 5
W 5
W

W

W

II
W

W

W

W

A VGe

100 ~ 0
85 (160%0)

(200 ' 0)
(130~ 0)
(L50.0)

INCLUDEO
L02 ~ 0

416 99%0
(100 ' )

(82 ' )
(219%)
(173~ )
(163~ 0)
(155%)

5-WA VE
216'
188 '
128'
172 '
LID
176' 0

(160 ' 0)
150' 0

(150' 0)
e e e e
15O.S

7/6 91

7/691
7/691

ACCEN 51
JACOB 5
WAH(. IG
BARLCW
E I SNE +
E I 5NE R

POI RI Ett
RABIN

N JOHNSON 68
46%0
Lo ~ 0

66 HSC 5 ' 7 PBAR P
66 HBC 2-3 PI-P ~ 7 CUT20
66 OSPK .LD ~ 0 Pl-P
67 HSC I KOL KOL MODE)
67 HBC 4 2 Pt P tALL T)
6'7 HBC 4 ~ 2 Pl P t T CUT 20)
67HSC 8 ~ 0 Pl P
67 HBC Se5 PI+

(/66
LO/67
11/6 6
11/66
7/691
7/6. 91

Ll/67
9I67

(34 ~ )
I 39~ )
(25 ' )
(16~ 0)
(17 ' )

SREIT-SIGNER FIT
13%
15'
23 '
30~

13%0
(20 ~ 0)
30~ 0

5 1 Pl+N%P PI+-
5 1 Pf+N ~ P Plo 0
S Pf+ P
PRAR P AT REST
8 Pl P03~74 ~ 2PI»P
3%2 Pl PrPI+PI N

1 ~ 2 PS P ~ 2PI
1L ~ PI Pr NZPI

68 OBC
68 DSC
68 HBC
68 HRC
6S HRC
68 HRC
6S ASPK
69 HSC
69 HBC

ARMEN ISE
ARMENISE
SCE SE BECK
FOSTER
LAMSA
JOHNSON
WHITEHEAD
DON AL D

CASO

6/6 8
6/68
6/6 8
6/68

10/67
7/6 91
6/68
8/6 91
8/691

15 4 AVERAGE (ERRDR INCLUDES SCALE fACTOR OF 2 ~ 8)
(SEE IDEOGRAM BELOW

RL
RL

42
R2
R2
R2

ll 8 MESON BRANCHING RATIOS

8 INTO 4PI/(OI(FGA Pl )
(0 ' 5) OR LESS ABOLINS 63 HSC t 3 ~ 5 PIMP

1 ~ 6-4% 2 P I- P

0 ~ 0 PBAR P
0 PBAR P

8 MESON INTO (K KBAR)/(OMEGA PI)
(0%02) Oll LESS 04HL 67 HRC

(0 ~ Lo) OR LESS (CL 90) BALTAY 67 HBC, +»

I 0%08) OR LESS tCL 95) BIZ ZARRI 69 HBC +

10/66
2/67
9/691

5 F PARTIAL DECAY MODES

Pl F INTO Pl+ Pf
I'2 F INTO 2PI+ 2PI
P3 F LNTC K KBAR

5 F BRANCHING RATIOS

DECAY MASSES
139+ L39
139+ 139+ 139+ 139
497+ 497

R3
R3

Rh
R4
Rh

8 MESON INTO (PI Pl)/(Pl DMFGA)
(0%3) OR LESS A DE RHCL Z 64 HSC

8 MESON INTO I P I PHI ) I ( PI OMEGA)

(0~ 015)OR LESS OAHL 67 HSC

(Oeoh) OR LESS (CL 95) BIZZARRI &9 HBC t-

4.0 P I+P

I ~ 6-4 ~ 2 PI P
0 PRAR P

7/66

10/66
9/691

It l
Rl
Rl
Rl

F iNTO t ZPI+ ZPI-) I TOTAL
oe OS 0%0&

to ~ 04) OR LESS
(0%07)

RCNDA R
C HUNG

ASCOL I

63 HRC
65 HSC
68 HBC

~ 0 PI-P
3' 2 Pt P

5 PI P 6/68

R5
R5

B MESON INTO lETA Pl) I (Pl OMEGA)

(0 25) OR LESS (CL '90) BALTAY 67'HBC +- 0 ~ 0 PBAR P 2/67

Saa the itlustratad kty yracadlnB the data card tisttnys,



I42 REVIEWS OZ MODERN PHYSICS ~ JANUARY 1970

MESON RESONANCES

Data if) pareff theses have ffot been included in our averages.

LIEXGHTED AVERAGE = 150.8 t 15.4
ERROR SCALED BY 2.8

LIEXGHTED AVERAGE = 1288.1 + 7.3
ERROR SCALED BY 2.3

0 100
F )(IDTH ( f)EV)

200

~ DONALD

JOHNSON
LArt SA

~ FOSTER
BOESEBECK

~ ARMENISE
.ARf1ENISE

~ JACOBS
ACCENSI
SELOtJE

300

69 HBC

68 HBC

68 HBC
68 HBC
68 HBC
68 DBC
68 DBC
66 HBC
66 HBC

62 HBC

400

CHXSQ
0 ' 0
3.8
1.6
0.2
1.0
6.1

25.1
26.9
1.1
4.1

69.9
(CDNLEV
=0.000) 1240 1280 1320

D MESON llASS (f)E)J)

CHXSa
T()INOLISK 69 HBC 16.)a

ORSTAD 69 HBC 0.2
AHPBELL 69 DBC 3.3.ANDLAU 68 HBC . 0.1
AHL 6/ HBC 1.0

21.3
(COHLEV
-"0.000)1360

RZ
RZ
PZ
Rz
RZ
Pz
Rz
Rz
P2
P2 4
P2 4
R2 A

F INTO (K KBAR)/(PI PI)
DETERMINATION DIFFICULT BECAUSE PROXIMITY DF A2 MHICH HAS SAME
NEUTRAL (K K PAR) MODES ~ SINCE IhlTERFEP ENCE MAY BE CCNSTRUCTIVE
OR DESTRUCTIVE ~ EVEN UPPER LIMITS ARE DUBIOUS ~

(0 ' 09) OR LESS BARMIN '65 HLBC 2 ~ 8 PI» 10/66
(0~ 16) OR LESS wANGLER 65 HBC 3.0 Pf-P
PRCBA4LY SEEN BARLCW 67 HBC I ~ 2 PBAR P—KlK1 ll/66

(0 ~ 047) (0 012)t SYSTEM BEUSCH 67 OSPK 5r7r12 PI-P 9/67
(0 025)OR LESS DAHL 67 HBC I 6-4 ' 2 Pl- P 10/66
(0 031) (0 012) AOEPHCLz 69 HBc 8 Pf+ P ~ @+K-PI- 8/&9e
K+K- PEAK IS AT ABOUT 1260 &EV WHILE (KKBAR)+ PEAKS AT 1320~

ALSO (CRQSSSECTIONeBRAPICHING RATIO) FOR A2 IS SMALL ~

eeeeee aeeeeeeee eeeeeeeee eeeee)eeee) eeeeeeeee eeeeeeees) «eeeeeeee eeeeeeee)

PEFEPENCES FOR F

M

M

W

M

W

M

AVG

35 ~ 0
30 '

(40 0)
30 ' 0
60 '

( 52 ~ Ol
» I 0 ~

33+ 1

8 0 MESON WIDTH (lsEV)

10~ 0
5 ~

15 0
15'

(29 ' 0)

4 ~ 6

DAHL
D.ANOLAU
OEFCIX
CAMPBELL
LORST AO

OTW INCWSK

67 HBC
6S HBC
68 HBC
69 DBC
69 HBC
69 HBC

1»642PI-P
I ~ 2 PB4R Pt 5 6 PFS

1~ 2 PB P&7 Pl
2 ~ 7 Pl+0

0+7 PB Pt 4r5 BODY
8 Plt Pr P+6Pi

AVERAGE IERPOR INCLUDES SC4LE F4CTOR OF l 1)

10/ee
6/6 8
3/69e)
8/69e
9/6 9e
9/69s)

BARLCM'
BEUSCl
DAHL
E ISNER
PCIRIER
RABIN

67 hlC 50A 701
67 PL 25 8 357
67 PR 16'3 1377
67 PR 164 1699
67 PR 163 1462
67 THESIS

SELOVE 62 PRL 9 272
RCNDAP 63 PL 5 153
GUIRAGOS 63 PRL 11 85
VEILLET 63 PRL 10 29
LFE ' 64 PRL 12 342

. BAPMIN 65 SJNP 1 623
fHUNfs 65 PRL 15 325
DERAOO 65 PRL 14 87Z
GUIRAGQS 65 PRL 11 85
MANGLER 65 PR 137 8 414

ACCENSI 66 PL 20 557
JACQPS 66 UCRL-16877
WAHLIG 66 PR 147 941

SELOVE HAGOPIAN BRCDY BAKER LEEQY (PENNA)
BCNDAR+ (AACHEN+BIRMtBONN+DESY+IC LOND+MPI )
Z G ~ T GUI P AG CS SIAN (LRL )
VEILLETrHENNESSYtBINGHAMyBLCCHt (PAR+MILAN)
I.EErROEr SINCLAIR ~ VANDERVELDE (MICHIGAN)

+DOLC)OLENKO+EROFEEV+KRE STN IKOVt ( I TE P POSC)
CHUNGrOAHLr HARDY ~ HESS ~ JACOBSrKIRZ (LRL)
DERADO KENREY POIRIERrSHEPHARD (NOTPE DAME)
Z G T GUIPAGOSSIAN (LRL)
7 P WANGLER A R ERWIN M WALKER (WISCONSIN)

ACCENSI ~ ALLES-BCPELL IrFRENCHrFRISK+ (CERN)
L ~ 0+JACO))SrTHES IS (LRL)
+SHIRATArGOROCN, F Rf SCHr MANNELLI (MITtPISA) J
tL I L LESTOLt VOhTANET+ (CERN t COF+ IR tL IV ERPOOL )
+FISCHER GCBB I ASTBURY MICHELINI+(ETH+CERN)
tHAPDYtHESS+K IRK+MILLER (LRL )
+JOHNSOKtKLEIN+PETEPS+SAHNI tYEN+ ( PURDUE )
+BI SWAS ~ CASON r DERADC r KENNE Yt ( NOTRDAMt PENN )
Mo RABIN (RUTGERS)

Pl
PZ
P3
P4

R'1
Rl
Rl 0
Rl 0

R2
P2

P3
R3 P

8 D MESON PARTIAL DECAY MODES

0 MESON INTO K KBAR Pf
D MESON INTO PI PI RHO
0 MESON fNTO ETA Pf Pf
0 MESON INTO DELTA(962) PI

8 D NESCN BRANCHING RATIOS

0 MESON INTO (P I Pl RHO) / (K KBAR PI)
(2 ' 0) OR LESS DAHL &7 HBC
(4 ' 0) OR LESS DONALD 69 HBC
THIS IS FOR (RHOD PI+ P I )/(K KBAR PIC)

9 MESON INTO (K KtsAR P I)/(ETA PI PI )
(O S )24) (Oe035) OEFOIX 6S HBC

D MESON INTO (DELTA P I )/(ETA PI PI)
SEE NOTE UNDER DELTA(962) ~

DECAY MASSES.
497+ 497+ 134
134t 134+ 765
548+ 134+ 134
962+ 134

CHARGED PI ONLY 10/66
I ~ 2 PBAR P ~ 5PI 8/69e)

Ze2 PB P ~ 7 Pl 3/69»

APMENIS E
ASCOLI
BCESEBEC
FOSTER
JCHNSCN
LAMSA
WHITE))EA

68 NC 54 A 999
68 PRL 21 1712
68 NP 8 4 501
68 NP 8 6 10/
68 PR 176 1651
68 PR 166 1395
68 NC 53A 817

+FOR INO+CARTACC It(PAP I+BOLOG+F I P ENZE tOP SAY )
G+ASCOLI ~ HaB ~ CRAWLEYrD ~ W ~ MORTAPA ~ + (ILL)
BOE5EBECK r DEUTSCHMANNr t (AACHEN+ 8 ERL I N+CERN)
+GAVILLET+LABPOSSEt~GNTANETt (CERN+PARIS)
tPO IP I ER r BI SWAS r GUTAY r OERADO+(ND tPUP 0+SLAC )
+CASO)t+8[SWAS+DEPADO+GROVES+ (NOTREDAME)
+MCEWENrOTT ~ AITKEN+ (AEREtSHAMPT+UC ~ LOND)

ACERHOLZ 69 NP 8 11 259
CASO 69 VC 62 A 755
DONALD 69 VP 8 ll 551

+BARTSCHrt (AACH+BEPL+CERNtKRAK+WAPS )
+CONTE rBENZrt (GENOtOESYtHAMB+MILAtSACL)
+EDWARDS BURAN ~ BETT INI s+ (LIVP tOSLOtPAOO )

PAPERS NOT REFERRED TO Ihl DAT4 CARDS

HAGCP I AN

AOERHOLZ
BRUYANT
SnnlCKSO
BAPMIhl
AGUI LAP»

63 PRL 10 533
64 PL 10 240
64 PL 10 232
64 PRL IZ 485
65 SJNP I 230
69 PL 29 8 241

V HAGOPIANr W SELOVE ( PENNA)
AACHENtttERL IN+8 IRM+BONN+HAMBUP t (C-LONDtMP ( I J
BRUYANT, GOLDBERG HCLDER FLEURY HUG(CERN+PA) I
SODICKSONrWAHLIGqMANNELLlrFRISCH+ (MIT) I
+DOLGOLENKO ~ E LENSKY ~ EROFEEV+ ( I TE P MOSCOW ) JP
M ~ AGUI LAR BENI TE2r J~ BARLO'W r+ ( CE RN+CDF )

D(] P()5) B ))L E)ON )1285tJPG= +) ) 0

(JP=O-r I+)2- MITH I+ FAVOREO )

e )s)t) s))t) )s s) e tea) s) )t) )t))t) )t) s) )t))t))t)s) s) )t) )t) )t) )s as))t) )t) )t)e)t) )s)s) s))r) s))r) )s)t) s) )t)s) )t) s) )r) )r) s) e)t) «e e» s) t)t) )t) » )t e 4 e)s) )t) as)
)steeee «eeees)ace) )t))s)ee)t))t))t)s))a )t)eeaeeee)r) )t)ees)ee)se» cease)ee)t))t) )ea))t)eeeeee eeees))t)ee)

eeeeee «eteps tee aeeeeeeee eeeeeeees) aces)eeeee) eteeeeeee *)t))t)s)eeeee eeeeeeee

REFERENCES FCR 0 MESON

BAPLOM
DAHL

SEE AL

O~ANOLAU
OEFO IX
CAMP PELL
DONALD
LORSTAO
OTWINOWS

67 NC 50 4 701
&7 PR 163 1377
SO 65 PRL 14 1074
68 NP 8 5 693
68 PL 28 8 353
69 PRL 22 1204
69 )IIP 8 11 551
69 CERN 69 15 (NP)
69 PL 29 8 529

+MONTANET 0 ANDLAU+(CERN+COF+IDRtL IVERPQOL)
tHARDYtHESS+KIRZttsILLER (LPL)l JP
MILLERrCHUNG ~ DAHLrHESSrHAROYsKIRZ+ (LRL+UC)
+AST IEP BARLOW MONTANET+ (COF+CERN+RAD+L IV) I JP
+RIVET SIAUD CONFQRTOrSHIVELY(CDFtlPE+CERN)
tL ICHTMAN&t (PUROl
+EDMARDS ~ BURANr BETTINIit (LIVP+OSLO+PADO)
8 ~ LORSTAD ~ Oo ANOl. AUr AST IEP ~ t (CDF+CERN) JP
S ~ OTWINQWSKI (WARSA)r)

A2(1300)
12 A2 MESON (1300sJPGP Zt-) I»l

THE PASS ANO WIDTH DATA ARE SEPARATED INTO 4 GROUPS
42L CONTAINS INFORMATION ON THE LOWER PEAK(3PI ~ K KBAP)
A2H CONTAINS INFORMATION ON THE HIGHER PEAK(3PI ~ KBARK)
A2K CONTAINS INFORt))ATION CN K KBAR(UNSPL IT ~ UNRESOLVED)
A2 CONTAINS THE REMAINING INFCRMATION (NO SEPARATION)

12 42L MESON s(ASS (MEV)

tet tee e)t tace ee» ace)t))t)e)r))t))t) es)s)tee)t)e))t) s)s))r))t)es)e)e)e eeeeeeee» ee)ea)eeet)e e)te)ee)t)es)
eeeeee «s eeet eea eeet))t))t)es)e )r)eeeeeees) «eeeeeeee ee)e)t)eeee)s) )t))aces)e))ae))e eeeeeeee

9

4 AVG

(1290 )
1283 0
1290~

(1310' 0)
1270 ~ 0
1285'
132900
~ ~ e
1288~ I

8 0 NESON MASS (MEV)

APPROX+
5 ~ 0
7 ~

e

IOsO
7

10~ 0

RARLOW
DAHL
O. AND(. AU,

DEFCIX
CAMPBELL
LCRST 40
OTWINCWSK

67 HBC
&7 HBC
68 HBC
68 HBC
69 DPC
6'9 HBC
69 HBC

lez PBAR Pr 4PFS
1mb-4+2 Pl- P

I ~ 2 PBAR Py 5 & PFS
1 ~ 2 PB Pr7 Pl
2 7PI+0

0~7 PB Pr 4r5-BODY
8 PI+ Pr P+6P I

7 3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ' 3)
(SEE IDEOGRAM BELOW )

5/67
10/&6
6/&8
3/69s)
8/&9s)
9/&9e
9/69sl

6/6 8

12/68e
8/68
5/694

I I/69s)

8/694

9/694

ML 4 (1274 ' ) (16 ' ) CHIKOVANI 67 MMS . br7 PI» P
ML A INCLUDED IN BENZ 68 FIT OF 2 COHERENT SYMMETRIC POLES»
ML 1289' 5 ~ BENZ 68 MMS - 2 ' 65 Pf- P
ML 1269 ~ 0 ~ 5 ~ 0 CPENNELL 68 HBC 6 0 PI-PrX
ML 1281.0 3 ' 0 AGUILAR 1 69 HBC + 0-1 2 PB P ~ K1K+-
ML AGUILAR &9 COMPIL INCLUDES BARLCW 67 ~ CCNFORTO 67 ~ TWO INCOH BREITWIGNS
ML 8 (I'276 ~ ) (&e) BAUD 69 MMS 7~ PI P ~ P KKBAR
ML 8 F IT TC TWO INCOHERENT BRE IT MIGNERS
ML C (1289' 0) (10' 0) CRENNELL 69 DBC 3 ~ 9 K- Nr PI RHO
ML C MAY BE DIFFERENT OBJECT ~ JP~I- FAVOREO OVER 2+ ~ 2»t I+~
ML C NOTE THAT IGJP»I-I IS EXOTIC IN THE QUARK MODEL ~
ML 12&8 ~ 0 12 ' 0 DONALD 69 HBC +- I 2 PB l'(4 PI)
ML AVG 1279 7 3 ~ 9 '

AVERAGE (ERROR INCLUDES SC4LE FACTOR OF 1 7)
( SEE IDEOGRAM BELOW )

See the illustrated key precediny the data card listings.



PARTxcLE DATA GRoUP Recsetoof Partscler'ropertses 143

MESON RESONANCES
Data in parentheses have not been included in our averages.

))EIGHTED AVERAGE = 1279.7 + 3 9
ERROR SCALED BY 1 ~ 7

))EISHTED AVERAGE = 1317.9 d: 4.4
ERROR SCALED BY 2.2

1250 1270
A2L nASS (fiEV)

1280

DONALD 69 HBC
ASUILAR 1 69 HBC
CRENHE{ L 68 HBC
BENZ 68 nnS

1310

CHISQ
1.0
0.2
4.6
3 ~ 4
9.2

(CDHLEV
-"0.027)

~ CREHNELL
OAHL

~ DAHL
~ .CONFORTO

BEUSCH. .BAR LO)(
BARLOl)

1260 1300 1340 1380
A2 fiASS (nEV) s K KBAR nODEs UHSPLIT

68 HBC
67 HBC
67 HBC
67 HBC
67 DSPK
67 HBC
67 HBC

CHISQ
1.9
0.0
0.0

10.0
16.1
1.3
0.1

29.S
(COHLEV
=0 F 000)

12 A2H MESON MASS (IIEV)

IIH A (1320e) (16»). CHIKQVANI 61 MMS - 6r7 PI P
MH A INCLUDED IN BENZ 68 FIT OF 2 COHERENT SYMMETR IC POLES ~
MH 1309 5 ~ BENE 68 MMS - 2 ' 65 PI- P
MH 1315' 0 5 ' 0 CRENNEI. {. 68 HBC - 6 0 PI P ~ X
MH 1325 ~ 0 3 ~ 0 AGUILAR 1 69 HBC +- 0 l»2 PS PrKIKt
MH AGUILAR 69 COMPIL INCLUDES BARLQM 67 CQNFORTQ 67 ~ T'WO INCOH BREITW'IGNS
MH 8 ( 1323~ ) (6» I BAUD 69 MMS - 7 ~ Pl-P ~ P KKBAR
IIH 8 FIT TO TMQ INCOHERENT BREIT MIGNERS
MH 1324' 0 25 ' 0 DONALD 69 HSC + 1 2 PB P(4 Pl)
ssH e ~ ~ ~ e e ~
MH AVG 1319' 6 4»7 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 2al)

{SEE IDEOGRAM SELOii )

6/6 8

12/68»
6/6 8
5/6 9III

11/694

9/69e

ss

M

M

M

M

M 8
8

M

M

M

M

M

M AVG

000 1307»
1269'
1311»0
1282 ' 0
1320'

( 1280 ~ )
ASSUMING

(1300»)
1310»
1287' 0
1275a
1280~

l 1301 0)
1300a0
1295' 0
~ ~ e e
1297 5

16' CHIKOVANI 67 MMS 7 Pl P
9 ~ DANYSZ 67 HBC e» 3 ~ 3»6 PSAR P
6 ' 0 ARMENISE 68 DSC 0 5 ~ 1 Pl+0

15»0 BALLAN 68 HSC 16»0 PI- P
10' BOE SE BECK &8 HBC 0 8 PI+ P

(10 ' ) SCESEPECK 68 HBC + 8 PI+ P
Al AND Al»5 SsES{INS OF FIXED MASS AND WIDTH
APPROX» CASO &8 HBC —11 PI- P

20 ~ CHUNG 68 HBC 2 ~ 7-4 ~ 5 {rl P
10~ 0 CRENNELL 68 HBC 6 ~ 0 PI-P rX
17' FRIDMAN 68 HSC + 5 ~ 1 PBAR P
12~ KEY 68 HBC '3 PI P
{8~ 0) VQN KRQGH 68 HBC» 6 ~ 7 PI P
4.0 JUNKMANN 68 HBC — 16~ PI Pr 5PI

20 ' 0 ANDERSQh 69 Ms{S — 16 PI PrSACKW9
e ~ ~ ~

3.6 AVERAGE {ERROR INCLUDES SC'ALE FACTOR OF le7)
(SEE IDEOGRAM BELOW )

BI&7
7/67
9/67
9/68
6/68
6/68

6/&8
5/68
6/68
6/68

11/67
9/68
9/69e
8/6 9'e

L)EIGHTED AVERAGE = 1319.6 a 4.7
ERROR SCALED BY 2.1 L)EIGHTED AVERAGE = 1297 S d."-3

~ 6
ERROR SCALED BY 1.7

DONALD 69 HBC
~ ~ ASUILAR 1 69 HBC

CREHNELL 68 HBC
~ ~ BEHZ 68 fifiS

1290 1310 1330 13SO 1370
A2H nASS (nEV)

CHISQ

3.2
0.8
4 ~ S
8.6

(CDNLEV
=0.014)

A HDERSON
~ ~ ~ JUNKnAHN

~

' II ~ . KEY
~ ~ . - . ~ . FRIDnAN

I. ~ ~ CRENNELL
CHUHG

~ - - . BOESEBECK
~ ~ . ~ ~ BALLAn

.ARfiENISE
DANYSZ

/ ~ ~ ~ CHIKOVAHI
BALTAY

~ LEVRAT
BEHSON

'BARHES+ . LEFEBVRES
GOLDHABER

1240 1280 1,320 1360 1400
A2 fiASS (fiEV) s 3PI nODEs UNSPLIT

68 nns
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 DBC
67 HBC
67 nfl s
67 HBC
es nns
66 DBC
66 HBC
ss nnsp
64 HBC

CHISQ
0.0
0.4
2»1
1.8
1.1
0.4
S.O

1 .1.
S.O

10 ~ 0
0.4
0.4
2.1
1.6
0 ~ 6
2.3

14.0
48.2

(CONLEV
~0.000)

12 AZ MESON MASS (MEV) r K KBAR ~ UNSPLIT ~ UNRESOLVED

MK N

MK

MK

MK

MK

MK
MK
MK

MK

MK AVG

OTE THAT NEUTRAL FQOE CAN I){TERFERE i{1TH F~
80 1317»0 3a0 BARLOW 67 HBC +- I 2 PSAR Pr KK
60 1333' 0 13' 0 BARLOM 67 HBC +- I 2 PBAR Pr KK

1344' 0 1e 6» SEUSCH 67 OSPK 0 5 12 PI-PrKIK1
130 1280» 0 12~ 0 CONFORTO 67 HBC +- 0~ PSAR P IN KK

131' 2 4 ' 0 DAHL 67 HBC - 2»7-4»5 PI- P
1315' 1 10»8 DAHL 67 HBC 0 Zal-4»5 PI P
)3)I ~ 0 5 ~ 0 CRENNELL &S HBC 0 6aO Pl P rKIK1

12( 1315~ 0) ADERHOLZ 69 HBC + S PI+ P»KtKO
e e e e ~ ~ e ~ ~
1317' 9 4 ' 4 AVERAGE lERROR INCLUDES SCALE FACTOR OF 2 ' 2)

(SEE IDEOGRAM BELOW )

9/67
9/6 7
7/6 7
9/67 ML
8/67 WL
8/6 7
6/68
8/&9e WL

WL

itL
WL

ML

12 A2L rIESON WIDTH {MEV)

A (29 ' ) (10 ' ) CHIKOVANI 67 MMS &r7 PI . P
A INCLUDED IN BENZ 68 FIT OF 2 COHERENT SYMMETRIC POLESa

22» 5 ~ BENZ 68 MMS 2 ~ 65 Pl P
24 ' 0 10e0 CRENNELL 68 HBC 6»O Pl P rX
22»0 10 »O 7 ~ 0 AGUILAR 1 69 HBC 4- 0- 1 2 PB P »K1K+-

AGUILAR 69 COMPILe INCLUDES BARLQM &1rCQNFORTQ 67» TMO INCQHe BR E IT{{IGNS
C, {40»0) OR LESS CRENNELL 69 DBC 3~ 9 K NrPI RHQ

C MAY SE DIFFERENT OBJECT ~ JP 1- FAVORED OVER 2+ ~ 2- 1+
C NOTE THAT IGJP 1-1 IS EXOTIC IN THE QUARK MODEL

5 ~ 0 12 ~ 0 5 ~ 0 DONALD 69 HBC + 1 ~ 2 PS Pl r PI)
e ~ ~ ~ ~ ~ ~ \ \

AVG 19~ Z 3 ~ 8 AVERAGE (E'RRQR INCLUDES SCALE FACTOR OF I ~ 1 )

6/68

12/68e
6/68
5/69e

8/69»

9/69»

12 42 VESOII MASS (MEV)»3PI MODE» SPl-ITTING UNRESOLVED
12 A2H MESON WIDTH {irE V)

M

M

M

M

M

M

N

M

M

M

le

130l
1425

l

1800{
1060
137

A

A

1320' 0)
1335' 0
1310 0)
1290» 0
1300' 0)
1290' 0
1310»0
1310' 0)
1286 '
1285a
1288 ' )
ANALYSIS

ADERHOLZ 64 HBC 4 ~ 0 PI+P
10~ 0 GOLDHABER 64 HBC + 3»1 PI+ P

FOR{NO 65 QBC + 0 4 5 PI+ 0
5 ~ 0 LEFEBVRES 65 MMSP 5»6r&»0 PI P

SEIDL ITZ 65 DSC '3 ~ 2 PI 0
10»0 BAR NE S 66 HBC &» 0 PI P
10e0 BENSO N 66 DBC 0 3 65 P I+0

{10~ 0) COMP»BY FERSEL 66 RVUE + Pl+ P
Ba LEVRAT 66 MMS - 6-7 PI- P

20 ' BALTAY 67 HBC 0 8 5 PI+ P
l14 ~ ) CASON 67 HBC 8 PI P

COMPLICATED BY NEARBY PEAK {A1 5) AT 1190 MEV

See the illustrated key preceding

MH

10/66
6/66
6/66 MH

WH
&/&6

10/66 WH

7/67 MH
5/6 7

the dete card listings.

A {35 ) (10~ ) CHIKOVANI 67 MMS - 6,7 PI- P
A INCLUDEO IN BENZ 68 FIT OF 2 COHERENT SYMMETRIC POLES»

22 ~ 5 ~ BENZ 68 MMS - 2 ~ 65 PI P
12e0 10' 0 CRENNELL 68 HBC 6 ' 0 PI PrX-
22 ~ 0 10' 0 7»0 AGUILAR 1 69 HSC +- 0-1 ~ 2 PS P ~ KIK+-

AGUILAR 69 COMP({.e INCLUDES BARLQW 67rCQNFORTO 67»TWQ INCQtr ~ BRE ITWIGNS
21~ 0 10~ 0 DONALD 69 HBC +- I ~ 2 PB Pl4 PI)

~ ~ e ~ ~ ~ ~ e ~

AVG 20 5 3~ 7 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)

6/68

12/68e
6/68
5/699

9/&9e
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MESON RESONANCES
Data' is parentheses have not been included in our averages.

12 A2 MESON WIDTH(MEV I ~ K KBAR ~ UHSPLtT ~ UNRESOLVED
12 42 PESON P4RTIAL Dfc4Y MODES

WK
'WK

WK

WK

WK

'WK

WK

WK

WK

WK AVG

OTE THAT NEUTRAL s(OQE
60 , 56 ' 0 28eo
80 56%0 15' 0

SB~ 23~

130 (90~ 0 I
47 ~ 18~

80 ' 5 36»5
21 0 10%0

12 (34» Ol
~ ~ ~ ~ ~ e ~ ~ ~

37 8 9%8
( SEE

CAN INTERFEAE liTH
SARLDW
BARLQW

22 ~ BEUSC H

CQNFCRTO
OAHL
DAHL

6 0 CAENNELL
ACEAHCLZ

F ~

67 HBC
67 HSC
67 QSPK
67 HBC
67 HSC
67 HBC
68 HBC
69 HSC

+
t

0
+

1 Z PAAR P ~ KK

1 ~ 2 PBAR P ~ KK
5 12 PI PrKLKL
oe PSAR P IN KK
2 ~ 74 ~ 5PI P
2.7-4.5 Pr- P
6 C PI P»KLKL
8 Pl+ Pr K+Ko

AVERAGE (ERROR IHCLUOES SC4LE FACTOR OF 1 ~ bl
fDEOGAAM RELOI{ )

9/67
9/e7
7/6 7
9/6 7
8/67
BI&7
6/68
8/69e

PL
P2
P3
ph
P5

A2 MESON INTO RHQ PI
42 MESON INTO KBAR K

A2 MESON INTO ETA PI
A2 MESON INTO ETA PRIME Pl
A2 MESON INTO PI+ Pl- Plo

12 A2 MESON BRANCH(NG RATIOS

DECAY MASSES
765+ 139
493+ 497
548+ 139
957+ 139
139+ L39+ 134

L)EIGH TED AVERAGE = 37 ~ 8 + 9.8
ERROR SCALED BY 1.6

Rl A2 ME

AL
RL
RL 11
Rl
Rl
RL
R1 N

RL
RL N THE HE
AL
R 1 AVG
Rl F IT

3.5 PI+P
5 ~ 7 ~ 12 P f-t
5 Pi P
8 P I+ P

Pf P
PBAR P

5 ' 0 PI+P.
5%0 Pft&

SQH INTO (K KSAR) I (RHO PI)
(0 08) OR LESS LANDER 64 HBC +
{0' 13) (0 ~ 03) ~ BEUSCH 67 CSPK 0

0 ~ 09 0 ~ 06 0%09 ASCQL I 68 HBC
0 ~ 022 0 ~ 008 RCESEBECK 68 HBC t
0 054 . 0%022 CHUHG 68 kBC
0 ~ 03 0 ~ 012 DONALD 68 HSC +-

(0 14) (0 05) . BOCKMANN 69 HBC 0
0 07 0 05 BOCK&ANN 69 HRC +

UTAAL NODE CAN INTERFERE WITH F ~

~ ~ ~ ~ ~ ~ ~ ~

0 028 1 0 F 0063 AVERAGF tfRACR INCLUDES SCALE FACTOA OF 1.0)
0 028Z 0 0058 VALUE FROM CQNSTAAfHEQ FfT

10/66
9/6 7
6/6 S
6/68
LI & 7
6/6 8
9/6 9e
9/6 9's

CRENNELL
- .DAHL
~ OAHL
~ BEUSCH

~ ~ RLOL[

RLOLJ

-SO 0 SO 100 1SO 200
A2 LIIDTH tMEV)s K KBAR MODEr UNSPLIT

68 HBC
67 HBC
67 HBC

67 OSPK
67 HBC
G? HBC

CHISa
4, 4
1.4
0.3
S.D

1.S
0.4

12.9
( CONLEV
=0.024)

lt 2
AZ

RZ
R2 F IT

R3 42
R3
R3 D
R3 0
R3
A3 22
R3
R3
R3
R3
R3 15
R3
R3
R3 AVG
R3 FIT

A2 MESON INTO (ETA Pl)/TOTAL
0 F 084 0 ~ 023 AOESESECK 68 HBC

~ ~ ~ ~ ~ ~ ~ ~ ~
0 ~ 116 0 ~ 035 VALUE FROM CONSTRAINED

Mf SOH INTn (ETA Pi) I taHC PI)
0%3 0 ~ 2 ADERHOLZ d4 HBC

{0 ~ ZC) 'f 0 ~ 08 I ' OUBCV IKOV 66 HBC
VETLITSKY 68 IS UPDATING QF DURQVIKQV 66

0 ~ Z2 0 ~ 09 CONTE 67 HBC
O. 23 0.08 ASCOLI 68 HBC
0 12 0%08 CHUHG 68 HBC

(0 072)OR LESS DONALD 68 HBC
0~ 16 0 ~ 10 KEY 68 HBC

(0 ~ 18) (0%06) VETLITSKY 68 HBC
0.25 0 F 09 BOCKs{ANN 69 HRC
0%34 F 17 0 ~ 34 BOCKM4NN 60 HBC

~ ~ e ~ ~ ~ ~ ~
0 202 . 0 ~ 038 AVERAGE (ERROR INCLUDES
0%136 0 ~ OC7 VALUE FROM CONSTRAINED

+ 8 PI+ P

FIT

+
0

Ce{) P f+P
3 ' 3 Pi P

Ll ~ 0 Pl-P
5 Pf P
3 ~ 2 Pl-P
1~ 2 PBAR P
3 Pf
3 ~ 3 PI P
5 ~ 0 PI+P
5 ~ 0 PI+ P

SCALE FACTOR 'OF 1 0)
F IT

6/6 8

L 1/66

8/67
6/6 8

12/66
6/68

L 1/67
9/6 8
9/6 9e
9/69e

12 A2 MESON WIDTH (MEV)r3PI MQDErsPLITT(NG UNRf SOLVED

RC
RC
ah
RC
AC FIT

3 2 PI-P
+ 8 PI+P

42 MF. SON INTO IETA Pat ME Pl I I TOTAL
{0~ Ll OR LESS CHUNG 65 HBC
0.004 O. OOC SQESEBCCK 68 Hl{C

~ ~ ~ ~ ~ ~ s ~ ~
0 ~ 0058 0%0062 Vh{.UE FROM CONSTRAINE'D F IT

6/6 8

AOERHCLZ
10 0 GOL DH ABER
15 ' 0 Lf&EBVRES

SEIDLITZ
10~ 0 BARHE 5

(45 0) BENSON
EDEO BY BENSON 1 66

15~ BENS{)H 1
(10 Ol COMP BY FERBEL

5% Lf VRA T

25% ~ SALTA Y

l)oe) (20 ' ) CASON
IS COMPLICATED BY NEARBY PEAK

15» cHtKOVAHr
22 ~ DAHYSZ
16~ 0 ARI{EN ISE
40 ~ 0 BA(.LAN

APPROX' BQESE BECK
21 ~ BOC SE BECK

APPROX% CASO
20 ' C HUNGr

30 0 20 ~ 0 CAEHHE(. L
APPROX ~ FA IDM AN

18~ KEY
(25 F 01 % 'VON K RQGH
16~ 0 '

JUNK M ANN

10~ 0 50 ~ 0 ANDES SQH

~ ~ ~ e ~

3 ~ '9 AVERAGE (ERlt CR IH
(SEE IDEOGRAM r)ELDW )

C ~ 0 Pl+P
3 ~ 7 Pt+-
6 ~ 0 Pl-P
3 ' 2 Pi 0
6 ~ 0 Pl P
3.e5 Fr+0

(LOO»0)
90%0

25 99%0
I 140e 0)

70% D

(1loco)
SUPERS
100%'
(80.0)
98 ~

100~

( 84 ~ )
ANALYS

90 ~

45 '
96% 0

125 ~ 0
(90% )
56.

I 80 ~ I
80%
94 ' 0

{80~ I
91~

(40eo)
52.0
90% 0

~ ~ ~ ~

89 ' 3

64 HSC
64 HBC +»
65 MMSP
65 OBC
66 HBC
66 OBC 0

14
W

W

W hl

N

W

W

W

W

W

W

W

W

W

W

W

W

.W AVG

66 DBc 0 3 ~ 65 plto
66 RVUE + P I t»
66 MMS 6 ~ 7 PI P
67 HBC . 0 8 ~ 5 Pi+ P
67 HBC .8 Pl P
( Al ~ 5) AT L L90 MEV

67 MMS - 7 PI- P
67 HSC t~ 3 ~ 3 ~ 6 PBAR P
68 DBC. 0 5 ~ 1 Pf+0
68 HBC - 16~ 0 Pi- P
68 HBC t 8 Pf+ P
68 HBC 0 8 Pl+ P
68 HBC — 1 1 P I-
68 HBC - 2 ~ 7 4 ~ 5 Pl- P
68 HBC - 6 ~ 0 PI PrX
68 HBC + 5 ~ 7 PAAR P
68 HSC - 3 Pl-P
68 HSC — 6 ~ 7 Pl P
68 HBC 1d PI Pr 5PI
69 '{Ms - 16 Pl P ~ BACKW9

1800
1060
137

A

4
Cooo

CLUDES SCALE FACTOR LF 1%2 )

0

L(EIGHTEO AVERAGE = 89.3 4 3.9
ERROR SCALED BY 1 ~ 2

MMS

HBC

HBC

HBC

HBC

HBC

HBC

DBC

HBC

tlf(S
HBC

MMS

OBC

HBC

MMSP

HBC

CHISa
0.0
5.4
0.0
0.0
0.$
2.5

O. g

4 ~ 1
0.0
0.2
3.0
O. S

.3 7
0.4
0.0

20.3
{CONLEV
=0 ' 121)

ANDERSON 69
JUNKMANN 68
KEY 68

'CRENNELL 68
.CHUNG 68
'BOESEBECK 68
'BALLAM 68
ARtiENISE 68
OANYSZ 67

'CHIKOUANI 67
BALTAY 67
LEVRAT 66

'BENSON 1 66
BARNES 66

'LEFEBVRES 6S
.GOLOHABER 64

r

SO 100 1SO 200 250
2 LIIDTH (MEV) s 3PI t)OOE» UNSPLIT

6/66
6/66
6/66
6/66

1 /67
10/66
2/67
7/6 7
5/67

8/67
7/6 7
9/67
9/6 8
e/eS
6I68
6/68
5/6 8
6/68
6/68

11/67
9/6 8
9/69e
8/69s

R5
RB
R5
R5
R5 AVG
R5 F IT

A2 MESON INTO
14 0%07

0%04
~ ~ ~ ~ ~ ~

0 057
0 0068

(ETA PAIME Pi)/(RHQ P ll
0» 03 ASCOLI 68 HSC - 5 ~ 0 Pf-P
0»03 0 04 RQCKMANN 69 HRC 0 5 ~ 0 PI+ P
~ ~ e
0 023 AVERAGE tERACR f NCLUDES SCALE FACTOR OF 1 0)
0 ~ 0072 VALUE F RCM CONSTRAINED F I T

6/es
9/6 9s

sse stsssstse tseaeesss esssssiess esssssess seesesses ssessssse

REFERENCES FQA 42

ADERHCLZ 64 PL 10 24S AACHEN+BEA{, INtAfali{tBCNNtHAMftIC-LQHODHt&Pf
GQLOHABE 64 OUBNA CONF 1 CSO G GOLDHASERrs GCLOHABER ~ OHALLORAhrSHEH(LRL)
LANDER 64 PRL 13 346 tABOL IHS ~ CARMONY ~ HENDR I KS ~ XUONG+ ( LA JOLLA I

ASQL I Ns 65 ATHENS( Ql 10 )CONF ~

CHUNG 65 PRL 15 325
FOR f ND 65 PL 19 68
LEFEBVRE 65 PL 19 434
SEIDLITZ 65 PRL 15 21T

BARNES be PRL
BENSON 66 PRL 16 1177
BENSON 1 66 siICH CQO-1112
OUBQV IKQ 66 PL 23 7 16+PR I V ~ C ~

EHALICH 66 Pa 152 1194
FERBEL 66 PL 21 ill
LEVAA7 66 PL 22 7 14

tcARMQNYrLANOER ~ XUCNG ~ YAGER (LA JCLLAl fat
+OAHL ~ HAPDY r Hf 55 r JACOBS ~ KIRZ ~ MILLER (LAL )
+GESSARCLI+Lf NDIHARD+(BOL+BARI+F Ia+DRS+SACI
CERN MISSING MASS SPECTROMETER GROUP {CFAN)
L SEIDLITZ 0 I OAHLsD H MILLER lLRL I

BARNf 5 ~ FOWLER ~ LA t ~ OAENSTE IN + {BNL+CCNY )
G BENSON ~ LQVELL ~ MARQUITrROE + (MICHIGAN)
G ~ C»BENSON» THESI5 {MICH I GAN I
CUROVIKOV GRIGDRIEV ~ VLADIMIRSKY + ( ITEP)
Re EHRLICHr W ~ SELOVErH ~ YUTA [PENNSYLVANIA I
FERBEL {ROCHESTER)
CERN M tssIHG MASS SPECTROMETER GROUP (CERN)

ARMEN IS E
SALTAY
BAR LOW

BARTSCH
BEUSCH
CASQN
CHIKQVAN
CHUhlG

ALSO
COHN

CONFQRTQ
CONTE
DAHL
DANYSZ

67 PL 258 53
67 PL 258 160
67 NC 504 701
67 PL 258 48
67 PL 25 8 357
&7 PRL 18 880
67 PL 258
67 PRL LS 100
66 UCAL- 16832
67 NP BL 57
67 NP 83 469
67 HC 51 4 175
67 PR L63 1377
67 Hc 51 A 801

ARMFHI SErFGRINOr t (84Rf tAOL t& IR+ORSAY)
tKIRSCHtKUN'GtYEHtaABIH fCQLUM+BNL+RUTGEAS)
tL I LLE STOL+ MQhTAHET+(CEAN+CDF+ IR+L IVER POOL )
+DEUTSCHMAHNtGROTEtcOCCONI t ( AACH+BERL+CERN)
+F I SC HER ~ GOBS I r AS TBUR Y ~ M IC HEI IN I+( E TH+CERN I

+KAMSA r Bl 5W AS ~ OER400 ~ GROVES ~ + {NOTRE CAssf )
CERN MISSING lsASS SPECTROMETER GROUP (CERN)
+OAHl. r HARDY ~ Hf 55 r K ta 2 ~ M ILL ER '{ L A(. )
RICHARD I HESS—THESIS ~ BERKELEY (LRL I
+MCCUL'LCCH+BUGG+CQNOQ {QRNL+UNI V ~ TENN I
+MAR fCHAL r stOH TAN ET+ ( C ERN+CF+ I'PN+L IVER POOL )
+TD'MAStNt rCQRDSt {GEHQVAtHAMtur LANC+SACLAY I
+HAADYtHESS tK IRZ+MILLEA (LRL )
DANY5[+FRENCH+5 IMAK (CERN)

ARMEN ISE &S PL 268 336
ASCOLI &8 PAL 20 1321
BALLAst 68 PRL 21 934
BQFSEBEC 68 HP 8 4 501
CASA 68 NC 54 4 9S3
CHUHG 68 PR 165 1491
CRENNCLL 68 PRL 20 1318
DONALD 68 .PL 26 8 327
FOSTER 68 HP 8 S 174
FR[OMAH &8 PR' 167 L2dB
JUNKMAHN 68 HP BS 471
KEY 68 PR 166 1430
VETLITSK 68 VIENNA CONF ~

VON KROG 68 PL 27 8 253

ARMENISE»FQRINO ~ + l BAR I +BOL +F [R+Qa

SAY�

)
tCR 4 W LE Y.MQA TARA, SHAP I AO, Ba I OGES t {t L t. r NO t S )
tSRODY r CHADWICK ~ FRIES ~ GUIRAGQSSIAN+ ( SLAC I
BQESEBL'CK ~ DEUTSCHMAHN ~ t{AACHEH+BERL INtCEAN)
tCONTE+COROstDIAZ+ (GENOVA+H4MB+MIL+SACL)
5 ~ U»CHUNG ~ Q ~ DAHL ~ J~ KIRZ so ~ H ~ MILLER {l.aL)
tKARSHCNtKWAN LA[ ~ SCARA ~ SKILL ICOAN {BNL I
+FRQDF SEN+BETTINI+ (LIVERPOOL+CSLO+PADUA I
+GAVILLET LABROSSE ~ MOHTANET ~ + {CERN+CDEF)
+MAUREA ~ MICHALON ~ DUDE T+(HEIOELB+STAASBOUAG)

+CQCCON I ~ + (AACH+BERL+BONN+CEAN+WARS )
+PRENTI Cf tcQPPERtPAhHER+WALKER+t TO+ANL

+Mls�

)
VE TL i T SKY ~ GRt GOREYEVr GR I SHINr GUZHA V IN+ {I TEP I
+MIYASHITArKOPELM4NrMARSHALL LISSY {COLO I

Rb . . 42 MESON INTO (Pi+ PI«PIO) / (AHO PI)
R6 . {0 L7,) OR LESS BENSON 66 DRC 0 3 ~ 7 Pl+D

A7 A2 MESON INTO {CTA PI)/(K KBAR)
RT 0) OR LESS FOSTER 6S HBC - PAAR P ~ PBA REST 9/69s'

Filtcrl Partial Decay Mode Branchina Fractions
Di igonai «laments arc P+&P. ; &P. = »/ ( {ifheP.) . Off-diagonal elements are correfa-t i 1 1 1
tion coc(ficicnts = ( & P, h P.) /(6 P.~ 6 P, ). ~

i j i j
P 2 P 3 PP 1

P 1 ~ 854 t- ~ 035
P 2 ~ 114 %024+ %005
P 3 —~ 968 - ~ 080 ~ 1 let- ~ 035
P 4 - ~ 147 -.02L — 013 ~ 006+-.004

Bee the illustrated key preceding the data card listings.



PART&cr.z DATA GRovv Review of Paris'cle Properly'es

MESON RESONANCES
Data i)j pare))thcscs haec )jot bcca i)j'clldcd iw olr avcragcs.

ADf RHOL Z 69
AGPUILAn 169
AGU I L AR 269
ANOEA SON 69
BAUD 69
SOCKHAIIH 69
SEHZ 68
CHlKOVAN 69
CRE HNELL 69
OONALC 69

NP 8 Ll 259
PL 29 8 62
PL 29 8 241
PRL 22 1390
CERN PAEPRIHT

PREPR INT
PL 28 8 233
PL 28 8 526
PAL 22 1327
NP 8 12 325

tBARTSCHy't I AACHtBERL tCE RHtKRAKtWARS)
+SARLOWy JACOBSEOELLA HEGRA+t CERN+CDF +L IVP)
H ~ AGUI LAR 8 ENITE2 y J eBARLOW ~ + I CERN+CDF )
+COLL INSy+ {SNI.'tCARN)
+BfNZ y BOSN JAKOV IC ~ BOTT ER ILL ~ DAI{GAARO+ l CERN)
tHAJOR ~ POLS ~ + {BONN+DURH+Nl JM+EPOL+TORI I
CERN MiSSING MASS SPECTROMETER GROUP {CERH)
CERN MISSING PASS SPECTROHETfR G'ROUP {CFRN) JP
+KARSHON ~ KWAf{ WU LAI ~ + {BNL)IJP
+EDWARDS, FOSTEREMOORE {LIVERPOOL I

Z, K, (1440)
pp(1410)

29 KSKS AND RHORHO MASS {HEV I

29 . ASKS{ L440) ANO RHORHO{ 1410) {JPG&V +) I GTE 0

EVIDENCE NOT YET COMPELLING OMITTED, FIIOH TABLE
IF RHOO l{HOO AND KS KS ARE I{DOES Of THE SAME RESONANCE
THE N leo ~

PAPERS

LANI)EA 64 PRL 13 346 4
ACE AHCLZ 65 PR 138 8 897
ALITTI 65 PL 15 69
SLATTERY 67 NC 50A 377
LAHSA 68 PR 166 1395

NOT REFERRED TO IN DATA CARDS

LANDERy ABOL'(NS ~ CARMOHY ~ HEHOAICKS + I UCSD ) JP
AACHENtBERL IN+BIRN+BOHHtHAMStLONOtMUENCHEH
ALITTI ~ SATON ~ OELER ~ CPUSSAAD+ ISACLAY+BOLOG) JP
tKAAYBILLtFORMAH+FERSEL {YALE+ROCH) JP
+CASCN+SISWAS+OERADO+GROVES+ {HOTREDANE)

101110 etettteef teetfflee 011010001 tftttf tft ltttef tft 010010110 ltttlttt
111000 ttffettft tlltfftte 111101001 tftflfft'0 ttfltftfl fttlftftt flftlftt

M ~0 RHOD RHOD MODE
H {LCLO~ 0)

H
IS
yt 8
M 8
M

M

H AVG

BETTIHI 66 DBC 0 0 ~ PSARP TO 5PR 9/66

NP 0aKS K5 Hoof 0000 0 mrna

'POSSIBLY SEEN ABRAMS 67 HSC 4 F 25 K P
THE AUTHORS ASSOCIATE THE &f AK W I TH THE F PR IHE ~ SUT BACKGROUND 6

ESTIHATION IS DIFFICULT
1412~ 23 ~ BARLOW 67 HSC I ~ 2 PBAR P
1439~ 0 500 6 ~ 0 AEUSCH 67 OSPK 5 ~ 7 ~ 12 Pl-P
0 0 ~ 0, 0 ~ ~ 0 0
143T~ 5 503 AVER4GE {ERROR INCLUDES SCALC FACT@A CF 100)

5/67

5/6 7
9/6 7

I138D) RT 62 2 I LE2OI I 2 OR GREATER

I~ O'L
SEEN AS A BUI{P IN RHO Pl MASS SPECTRUM ~

EVIDENCE HOT COMPELLING ~ CMITTED FROH TABLfe~ '

FOR 4 DISCUSSION Sff ROSEHFELD 6S

29 KSKS ANO AHDRIEO WIDTH (MEV)

'W - -RHOD RHOD MOOE-
W I 90 ~ 0) SETTIHI 66 DSC 0 0 ~ PBAR P TO 5PR 9/66

34 13200

37 MASS (MEV)

25 ' VAHDERH4G 67 OSC - 5 Pl 0 5/67

W
'W

W

W AVG
\ ~ 0 ~ ~ 0 ~ ~
46 ' 4

LTD'

0 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1~ 0)

KS KS MODE

100 ~
' 7' BAALOW 67 HBC 102 PBAR P

43 ~ 0 1700 18~ 0 SEUSCH 67 OSPK 5 ~ 7 ~ 12 Pl P
5/67
9/67

37 W I CTH I VEV)

101111 tf tetttte 000110001 10 lief tlf 110000100 01ltttett tete ttflt ttfetttll
REFERENCES FOR KSKSl1440l ANO AHC RHO{1410)

34 {ISOLA ) APPAOX0 VANCE RHAG 67 OBC - 5 PI 0

37 CAOS'5 SECTION I MICROBARNS)

5/6T SETT(hj 66 NC 42A 695
ASRAHS 67 PRL LB 620
BARLD'W 67 NC 50 4 701
BEUSCH 67 PL 25 8 357
DDHALO 69 NP 8 11 55L

+CREST I ~ L IHENTAHly LORIAE PERUZ ZO+ {PAD+PISA)
+KEHOE ~ GLASSERySECHI lORN WOLSKY IVARYl. AND)
+MONTANETEO AHDLAU+ {CfRNtCDFt IORtL IVERPDDL)
+F I SCHER EGOBB I 2 ASTBUAY ~ MICHEL IHI+(ETH+CERN)
+EDWARDS ~ BURA N ~ BETTINI y+ {LIVP+OSLO+PADOI

CS 34 . '15 ~.. 5 ~ VAHDEAHAG 67 DBC - 5 PI-0 5/6 7 101000 0001~flit 010111~ 10 eettf etee 000011000 eeet!0111 110111111 fetteett
~ltlflfte 101110001 ~ 1110~ eet ~ 0111010~ tlffltltt 0001000ee 11010010

ttefftelt ~tttltftf 0 ~ tf'01000 100100001 100110000 ttlttettt 10101101

REFERENCES FOR 42y2 I'(1514) 13 F PAINE t 1514' JPG02tt) IRRO

VAHDCRHA 67 PL 248 493
ROSENFEL 68 PHILAOCONF ~ 455

VANCE AHAGEH+HUC+FLEURY+ I EP tiPN+BARI tBOLOG)
A ~ HOAOSENFELD {LRL)

L3 F PR II{E{L514) MASS &HEV)ttettt 100110010 .0011111110010001tt 000100101 010101111 1000tlett 11000010
' 100000 Off lleelt. tf tfeel et etetef 00 0 100000101 ttlttf 100 elf 0 11111 0elf 1 tle

6 f I E SON I 1422 ~ JPGeA +) ITRO

F( ) RRILLON 62 FEVER JP 0 ORNL 62 FRYER IF RUT OO NOT
EXCLUDE 2 I'0 ~ LORSTAO 69 FINO 0 OR 1+~

H

8

M

l{

AVG

14{1480.0)
5t 14600 )

SACKGROUHO
1515~ 0

70 1513~ 0
~ ~ ~ ~
1514~ 0

{10' )
fST IHAT IOH

7 ~ 0
700

~ ~ 0 ~ ~

409

CREHNELL
ABRAMS

DIFF ICULT0
AHHAR
SARHE 5

66 HBC
' 6 ~ 0 Pl P

67 HSC 4 ~ 25 K P

67 i{BC
67 HBC

505K P
Cabby 5 ~ K- P

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 6)

8/66
5/6 7
5/67
9/6 7

LO/67

6 E lyESOH MASS {HEV) 13 F P'R IME{ 15LCI WIDTH {MEV)

1425 '
1420 ~ 0

H 14230
H 310 1420~
H ~ ~ ~ ~
H AVG L42205

70
20 ~ 0
10'

7 ~

4 ' 3

SAILLON 67 HBC
OAHL 67 HBC
F.RF. HCH 67 HBC
LORSTAO 69 HBC

AVERAGE (ERROR INCLUDES

00 PAAR. P 11/eb
106 4 ~ 2 Pl P 10/66
3 4 PBAR P 6/b 7

0 ~ 7 PS Py 4 ' 5-BODY 9/690

SCALE FACTOR CF 100)

W 8
W 8
'W

W

W

W A

5 {53~ I {18 ) 4 BR AM 5
BACKGI{OUNO ESTIVAT ION DIFFICULT ~

3500 2500 AHEIAR

70 S700 . L5 ~ 0 BARHF 5
~ 0 ~ ~ ~ ~ ~ ~ ~

VG 73 ' 2 2209 AVERAGE {ERROR

67 HBC

67 HBC
67 HBC

4 ~ 25K P 5/67
5/6 7

505 K P 9/67
4 ~ by 5 ~ K- P 10/67

INCLUDES SCALE FACTOR OF I ~ 8)

6 f MESON WIDTH {l{EV) 13 f PRIME PART14L DECAY MODE 5

W

W

W

W 3LO
W

W AVG

BO.
60 ~ 0
45 '

boer

0 ~ ~ 0
69' 3

10~
20 ' 0
20 '
20 '

~ 0. 0 0 0
7e6'

BAILL'ON 67 HIIC ' 0 PSAR P 11/eb
DAHL 67 HBC 1 6-C 2 PI P lo/ee
FRENCH 67 HRC 3-4 PBAR P 6/67 .
LORSTAD 69 HSC 0 ~ 7 PB P 4 ' 5 BODY 9/690

AVERAGE t ERROR INCLUDES SCALE FACTOlt OF I ~ 0)
\W 0W ~&&6666 PP & W0&'0 Fe 00 066

PL
P2
P3
PC
IE5
Pb

F PR (HE INTO Pit Pl
F PR I ME INTO K KBAR

F PR IME INTO K Kt {890)
PRIME INTO ETA ETA

F PR lytf INTO Pl Pl f TA
F PRIME INTO PI K KBAR

DECAY HiSSES
139+ 139
497+ 497
493+ 892
548+ 548
139+ 139+ 548
139+ 497+ 497

PL
P2
P3
PC
P5

6 F VESCN PARTIAL CEC4Y VODES

E INTO K Kt{890)
E INTO K KSAR PI
E lyf SON INTO Pl PI RHO
E INTO Pi {1016) PI
E INTO ETA PI Pl

DECAY HASSES
493+ 892
49'7+ 497t 139
134+ 134+ 765

1016+ 139
548+ 139+ 139

RL
RL
RL

A3
R3

13 F PR I ME SA4NCHING R ATIDS'

F PR(HE INTO (Pl+ Pl-)/{K KBA'R)
{0~ 2) OR LESS AIIMAR.
to ~ LB I OR LESS BARNE S

bT HBC
67 HBC

5 ~ 5 K P yCLe067 9/6T
406 ~ 5 ~ 0 K P 10/67

F PR I ME 1NTO {ETA ETA') /{K KBAR)
{0050) OR LESS SARHES 6'7 HSC 4 6 5 ~ 0 K P lo/67

6 E VESCN BRANCHiNG RATIOS
AC
RC

F PP IME INTO (PI Pl ETAI/{K KSAR I
{0~ 3) OR LESS AMMAR

0025 0013 BARNE 5
67 HBC
67 HBC.

ct.*o.e 7 10/67
Ce6 ~ 560 K P 10/67

8
RL

R2
R2

E INTO K Ks'{890)/{{K Kt)+(Pl{1016) PI) )
~ 50 F 10 BAILLON 67 HBC 0 0 PSAR P Ll/66

E VESON INTO {PI PI RHO) / {K KBAR Pl)
{2'0) OR LESS DAHL 67 HBC 0 CHARGED Pl ONLY 10/66

R5 f PRIME INTO {PI K KSAR + K Kl{890))/{K ASAR)
R5 lo ~ 4) OR {.ESS AHHAR 67 HBC
R5 {0014I OR LFSS BARNE5 67 HBC
R5 8 OR AS 0 ~ 14 oe14 BAAHES 67 HSC

CLeo 6'7 10/67
4 ~ by 500 K P io/67
4 ~ 6 ~ 5 ~ 0 K0 P Lo/67

BAILLON 67 NC 50A 393
BARASH 67 PR 156 1399
DAHL 67 oR 163 137T

SEE ALSO 65 PRL 14 1074
FRENCH 67 HC 52A 438
FosTER e8 Np 8 8 174
BETTINI 69 NC 62 4 1038
LORSTAO ' 69 CERN 69 15 (NP)

+EDWARDS+CO AHOLAU+AST If R+ l Cf RNtCDF+ IR )
BARASH ~ KIRSCH ~ HILLER ~ TAH l COLUM BI 4)
+HARDY+ HESS tK IR 2+MILLER (LRL)i JP
MILLER ECHUHGyOAHLEHfSSEHAROY ~ KIRZ+ ILRL+UC)
+KINSIIHtsECDOHALO+RIDOIFORD+ {CERN+BIRN)
+GAVILLET ~ LABAOSSEEHONTANET ~ + tCERNtCOEF)
+CREST I ~ LIHENTAHI ~ SERT AUZA ~ BIGI+ l PADO+P 154) IC
8 ~ LORSTAO ~ 0 ~ AHDLAU ~ AST IER ~ + {Cof tCERN) JP

R3 E VESOH INT{I (ETA 2 P ll/{K KBAR PI )
R3 . t 1 5)OR LESS {CL 0 95) fOSTER 68 HSC PSAR P PBA REST 9/690

0 ~1100 0011~1100 etttetltl llttttete 110000000 100100000 ~ 00011000 01010000

REFERENCES FOR f MESON
CRENNELL
ABRAMS
AMHAR

SARNES
ALITT I
LDRST40
SCOTTER

be pR{. 16 Lo25
67 PRL LB 620
67 PRL 19 107L
67 PRL 19 964
68 PRL 2L 1705
69 CERN 4I9 L5 {NP)
69 NC 62 4 1057

+ KALBfLEISCHELAI ~ SCARIIy SCIEUMAHN + t BHL) I
+KEHOE ~ GLASSERESECHI-ZORN ~ WOLSKY {MARYLAND)
+DAVIS ~ H'WANGy OAGAN ~ DERRICK + {NWU+AHL) JP
+DORNANEGOLOBERGOLEITNER + (BNL+SYAACUSE IICJP
+SARNESECRENNELL ~ 'FLAHIHIOEGOLOSERG ~ + {BHL)
Be LCR ST4Dy 0 eANDLAU ~ AST I ER ~ + I COF+CE RN I
+ER SKI HE PALER ~ + {BIRV+GLA5+LO IC+MP IM+OXF I

lftf 01 f1litt tlttltttttf f 000110011 ff ttttttt 00000f ~10 XE111101~ 1 01100010
~011lt 0~01tlttt lt1110011 lltlttf1 1 000010000 ltlttetl ~ Ofttftttt litt tttl

tttltt 1ttttttee 001111100 etlttettl tteetetef feet etete ttlettttt fftttftl
Rf FERENICCS FOR F PRIISC

tts 010 felffttft 0011000tl tttlttfel 110011000 ttfftsltt etettttt ~ tlttftlf
010011101 fttftftef tttltfff1 010000000 ~fftftttl 000000~ 10 flteltee

Bee the 8)ustrsted kfy prfcediny the dstl card list(ngs.



146 REVIEWS OII MODERN PIIYSICS JANVARY 1970

Data in .parentheses have not been included i» our averages.

MESON RESONANCES

~jp(1540)"F" ~ KK
47 PI/RHO &1540GJPG~ ) Ial

NAMED Fl SY AGUILAR 69
JPo2-rf+ FAVQREOG 0- LE SS PROBABLE'

R5
R5
R5

pl(164o) +- INTQ (pl+- ETA)/tALL pfe- pl+ pl-)
lALL ETA DECAYS)

{0' 09)OR LESS SALTAY 68 HSC + 7-8,5 P I tP 5/6 8

Rl MESON FRACTION fNTQ QNE / THREE / FIVE OR MORE CVARGEO TRACKS
(0 ~ 37)/ 0 ~ 59 / 0 ~ 04 FOCACCI 66 HMS - 3-12 PI-P 10/66

47 0 I/RHO l 1540 ) MASS (HEV l
R6
R6

Pl{1640)+- INTO (PI+ 2PI+ 2) I-l/(ALL Pf+- Pl+ PI-l
(0 ~ I) OR LESS BALTAY 68 HSC + 7 ~ S 5 PI+ P 6/6 8

lof 1490~ 0) t20 0)
142 1540o0 5.0

ADERHOLZ 69 HSC
AGUILAR &9 HBC

+ 8 Pf+ PGKKBARPI 11/690
0 7PBARPrKKBARPI 11/690

R7 PI(1640) INTO (OMEGA Pl PI)/(F PI)
R7 P (4 I CR GREATER BARNE5 69 HSC 0 4 ~ 6 K-PrOHEGZPI BI&94
lt7 P NOT C{.EAR IF (OMEGA Pf+PI-I PEAK IS DECAY MODE OF Pf t 1640)

47 PI/RHO (1540) WIDTH (MEV)
40440 tt'4400444 44tt00044 04444440'4 'tteeetttt 440004404 444040404 44444444

10 &85 0)
142 40 ~ 0

(39 0)
15 0

ADERHCLZ 69 HSC
AGUILAR 69 HBC

+ 8 PI+ P 5 KKSAR&I I 11/690
0 7PBARP y KKBARPI 11/690

47 PI/RHO (1540) PA)IT IAL DECAY MODE5

FCRINO 65 PL 19 68
FOCACCI 66 PRL 17 890
LEVRAT 66 PL 22 714
LUBATTI 66 THESIS BERKELEY
VETL ITSK 6& PL

' 21 579

REFERENCES FQR Pr(164O)

+GESSAROLI+LENOINARA+t BOL+BARI+F IR+ORS+SAC)
CERN M ISSIII&G HASS SPECTROHETER GROUP (CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
Ho J~ LUBATTI (LRL) 1-2-
VETLITSKYrGUSZAVIN ~ KLIGER ~ ZOLGANQV+ t ITEP)

Pl
PZ

PI/RHO (1540) INTO K KSAR Pl
PI/RHO (1540l INTO Kt(890) KBAR

DECAY HASSE5
134+ 497+ 497
89Z+ 497

OANYSZ 67 NC 51 4 801
DUBAL 67 NP 83 435

4LSO 68. THESIS 1456

OANYSZ+FRENCH+SIHAK (CERN)
CERN HISSING MASS SPECTRQGIETER GROUP tCERN)
L ~ DVSAL {GENEVE)

404444 tiiitt4ie ti04itiei tetieetet eit44itet 44i4iettt et444i44i itei4000

REFERENCES FOR PI/RHO {1540)

ADERHQLZ 69 NP 8 11 259
AGUILAR 69 PL 29 8 379
AGUILAR1 &9 CERN 69 11

+SAR TSCH ~ 4 (AACH+BERLtCERN+KRAKtWARS)
+SARLOWr JACOBSr 0 ANOLAUPAST IER+ (CCRN+COEF )
+BARLOWGJACOB550 ANDLAUGASTIER+ &CERN+CQEF)

tteiit ttiiettee eittettti eteietete 4itttiett 0040ittee tttitteei iiitteit
ttiite teeetetee 4400iiiti eiitettei 004000040 ii0044tit 0044titit tieitett

BALTAY
BARTSCH
CASO I
CASO 2
FER BEL
IOFFREQO
LAMSA

: YQST

68 PRL 20 887
68 NP 8 7 345
68 NC 54 4 983
68 VIENNA CONF
68 PIJILA CONF 335
68 PRL 21 1212
68 PR 166 1395
68 UHD T REPORT849

SARHES 69 &RL 23 142

+KUNG+YEH+FERBEL+ lCCLHB+ROCH+RUTG+YALE) to 1
+KEPPEL ~ KRAUS re {AACH+BERL+CERN) JP
+CONTE+CORDS+014Z+ lGENQVAtHAHS+MIL+SACL)
+CQNTF r CORDS ~ PATT I+ l GENOA+HAMS+M IL AN+SACL )
7 ~ FERBEL t IIOC HE STER I
+BRANOENSURG ~ BRENNER ~ E I SENSTE IN+ (HARVARD)
+CASQN+BI SWAS+OERAQC+GROVES+ tNOTREDAHE)
e YODH, E INSCHL AG, DAY GL ASSER (UMO)

+CHVNGr EISNER ~ FLAMINIOy+

trA (1640)
-+3%

M

H

M 0
0'

M 0
H R

R
H R
H

H

H

M

M

H Q
H 0
M P
M P

GI AVG

34 PI (1640r JPGiA ) I e 1

(ALSO CALLED A3o )
THIS ENTRY CONTAINS G 1 PEAKS ANO THE Rl

PEAKED

BARTSCH 68 FINO BEST FIT WITH JPo2 NEXT REST 1+50-584

34 PI {1640) MASS {MEV)

30ll&00 ~ ol FORINO 65 DBC 04e5 Pf+ 0
20 1630 0 30.0 VETLI TSKY 66 HBC - 4 ~ 7 PI- P

(1689o ) (10 ) DANYSZ 67 HSC 0 3i3~ 6 PBAR P
OBSERVED (N (OMEGA Pl+ Pl ) (AND POSSIBLY tOHEGA RHO{ 0 l) l MOOt
NOTE THAT THC WIDTH OF THIS PEAK IS SMALL

I{ 1630 ) {15,) DURAL 67 HHS - 7 ~ 11 5512PI- P
Rl PEAK FROM CERN HMS EXP' DECAY MODES AND G PARITY UNKNQWNo
NOTE THAT THE R 1 HAS SMALLER WIDTH THAN THE OTHER ENTRIES'

1630' 10~ BALTAY 68 HSC + 75 8 ~ 5 PI+ P
1660' 0 16 ' 0 BARTSCH 68 HSC + S ~ Pl+ Pr3PI P

l 1660e ) CASO 1 68 HSC '- l 1 PI P
( 168060) CASO 1 68 HBC - 11 Pl P Pf F
{1650 0) IOFFREOC 68 HBC - 13 20 PI-PGPI F
1610' 19e LAM5A 6S HBC - 8 ~ 0 Pl-P r PI F

(1670 0) (18 0) YOST 68 HBC 04 ' 3 K-PRLHSD ~ 5PI
OBSERVED IN (QHEGA Pl+ PI-) SUT HOT IN (OMEGA RHQ 0)

(1695' 0) (20 0) BARNE 5 69 HBC 0 4 ~ 6 K-PGOHEG2PI
OBSERVED IN {OHEGA Pl+PI l AND {OMEGA RHOO) HOOES IN RATIO 2/1

~ ~ e o e o ~ ~ ~

1633~ 5 9 ~ 1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 162)

10/66

7/67

7/67

6/68
8/694
6/6 8
6/6 8
9/6 8

11/6 7
9/68

8/694

i44tt ttttetett 440004044 440444004 440ttttet 444444000 444400444 ttetettt
tttttte ttt400444 400044004 000444000 040000440 tttttttet 00000000

$(1650)
~p0~6

45 PHI (1650~ JPGa -I Iao

OHfTTEO FROM TAB&. E
THIS ENTRY CONTAINS NEUTRAL 3 Pl ENHANCEMENTS FOR WHICH
4 (RHO 0 PI 0 l DECAY MODE ~ ANO THEREFORE lao ~ HAS SffN
SUGGESTED PRESENT EVIDENCE LOOKS GOOD BUT STATISTICS
IS NOT YET SUFFICIENT TO REG4RD loo AS ESTABLISHED ~

KENYON 69 GIVES EVIDENCE FOR J TO Bf GREATER THAN 0

45 PHI & f650) MASS & ME V)

45 PHI .{16'50) )GfOTH (MEV)

W 112~ 0 60e0 ARMENISE 68 DBC 0 5 1 Pl+0 9/6 8
W 100 ' 0 4060 KENYON 69 DBC 8 PI+ 0 ~ 3P I 2P 8/690
'W o ~ ~ ~ ~ ~ ~ ~ ~
W AVG 103 ~ 7 33 ~ 3 AVERAGE lERRCR INCLUDES SCALE FACTOR OF I 0)

1&3660 20eo ARMEN ISE 68 DSC 0 5 1 Pf+D 9/68'
H 167060 ?0 ~ 0 KENYON 69 ORC 8 Pt+ O, 3PI ZP 8/690
H e ~ ~ \ ~ ~ ~ ~ ~
H AVG 1653~ 0 17 ~ 0 AVERAGE (ERR CR INCLUDES SCALE FACTOR OF I 2)

R

W R

W 0
W 0
W

W

W

W Q
W Q

W P
W P

W AVG

PI t 1&40) 'WIDTH (M EV )

(21~ ) OR LESS LEVRAT 66 HMS - 7, 12 P I- P
Rl PEAK FROH CERN MHS EXPT DECAY MODES AND G PAR 'fTY UNKNOWN ~

20 {100e ) VETLITSKY 66 HBC - 4 ~ 7 Pl P
&38 I l18 ~ ) DANYSZ 67 HSC 0 3 3 & PSAR P

OBSERVED IN tOHEGA P f+ Pl-I f AND POSS I BLY (OMEGA RHO(0) ) I MODE
70e 40 ' BAL TAY 68 HBC. + 7 ~ 8 ~ 5 PI+ P

115 0 45, 0 BARTSCH 68 HBC + 8 Pl+ P 3PI P
( 130 ) CASO 1 68 HSC - 11 PI- P
{150oo) CASO 1 68 HBC - 11~ 0 Pl-PrPI- F

100~ 50 ' 30o LAMSA 68 HBC 8 ' 0 PI P Pf-F
(50e 0) ( 1560) YOST 68 HRC 0463 K PGLMBD ~ 5PI

OBSERVED IN (QHEGA Pf+ Pl-) BUT HOT IN (OHEGA RHO 0)
(Soeo) BARNES 69 HBC 0 4 ~ 6 K-P ~ OMEG2PI

OBSERVED IN (OMCGA PI+PI-) AHD (OMEGA RHOO) MODES IN RATIO 2/1
o o e e e o ~ e e

93~ 5 23 9 AVERAGE (ERROR INCLUDES SCA{.E F ACTOR OF 1~ 0 l

34 PI (1640) PARTIAL DECAY MODES

7/67

6/66
7/67

6/68
8/694
6/6 8
6/68

11/67
9/68

8/6 90

Pl
PZ

45 PHf t 1650) PARTIAL DECAY MODES

PHI (1650) INTO 3 PI
PHI (1650) INTO 5 P I

DECAY HASSES
134+ 134+ 134
134+ 134+ 134+ 134

Rl
Rl

45 PHI (1650) BRANCHING RATIO5

PHI t 1650) INTO (5 PI )/{3 PI )
0 ~ 10 Oo 10 KENYON 69 DBC 0 8 ~ PI + 0

REFERENCES FOR PHI (1650)

ARMEHISE 68 PL 268 336
KENYON 69 PRL 23 146

+GHIDINt GFORI NO+ (SARI+SOLOGH+F IREHZ+ORSAY)
+K INSON ~ SCARR r+ (BNL+ORUC+ORNL)

4400040 ttttttttt 0444ttett teettttee ettttttte 0'tett014
tttttte ette04400 tteeettet 040004040 04400440

044 tte 444444040 044404040 ttett0404 440tetete 044ttet44 444444tte

8/&94

Pl
PZ
P3
P4
P5
P6
P7
PS
P9

PI(1640)
Pftl640)
PI(1640)
P I (1640)
PI&1640)
P I (1640)
PI&1640)
Pf&164O)
PI{f640)

INTO 3 Pf
INTO RHO P I
INTO ETA PI
INTO 5 PI
INTO K Ke(890l
INTO K KSAR Pl
INTO K KBAR
INTO F Pl
INTO OMEGA Pl Pl

DECAY MASSES
134+ 134t 134
134+ 765
134+ 548

497t 892
497+ 497+ 134
497+ 497

f264+ 134
783+ 134+ 134

I

II660) 15 RRG 11666 JPG 5 I I II X'L
ll tl THIS ENTRY CONTAINS THE R1 ~ G(2 Pt) AND K KSAR PEAKS ~

7l7i I FOR POSSIBLE 4 PI MODES SEE RHQt1715)

CRENNELL 68 SUGGEST JP 3 FROM Tl'E Pl Pl SCATTER IHG ANGLE DISTR ~

15 RHO (1660) MASS {MEV)

34 P I l 1640) BRANCHING R AT (05

68 HSC
&8 HBC

R3
R3
R3
R3
R3
R3
R3
R3 'C
R3 C.
R3
R3

PI (1640)+- INTO tPI+- F)/(ALL Pl+- Pl+ Pl )
t WITH F INTO Pl+ Pf-)

INDICATION SEEN LUBATTI 66 HLBC
(0 59)FOR JP652 BARTSCH 68 HSC +
fo 51)FQR J&el+ BARTSCH 68 HBC +
(0~ 20)FORi JP 0 BARTSCH 68 HBC t
oe 35 0 ~ 20 BAL TAY 68 HSC +
CONSISTENT WITH 1 ~ 0 CASO 1 68 HBC

CASO 2 &8 IS UPDATING OF CASO 1 68
(Qe'94) t 0606) lo ~ 29) CASO 2 68 HBC

SE Elt IOFFREDO 68 HBC

RZ Pl(1640)+- fNTQ (Pl+- RHOQ)/(ALL PI+- PI+ Pl-)
RZ toe2) OR LE5S BALTA Y 68 HBC +
RZ &0 ~ 3) OR LESS BARTSCH 68 HSC +
R2 C (0~ 35)OR LESS CASO 1 68 HSC
R2 C CASO 2 68 IS UPDATING OF CASO 1 68
RZ {0603) {Oo36) (0~ 03) CASO 2
RZ CONS I STEM 7 WITH Oo 0 I OF FR EDO

7-8.5 PI+P
8. P I+ P ~ 3P I P

11~ 0 Pl-P

11 0 PI- P
13-20 P I-P

5/68
8/e94
6/6.8

9/6 8
9/6 8

16 PI
S ~ P I+ P ~ 3P I P

III+ PG3PI P
8 ~ Pf+ Pr3PI P

7 8 ~ 5 PI+P
1 1 PI P

I I/&&
8/6 90
8/&94
8/690
5/68
6/6 8

11.0 Pf P 9/68
13-20 Pf-PRPI-F 9/68

M

H

M

H R
R

H R
H

H

H

M

H

M

M 13{
M

M

M AVG

I 700 ' 0 100' 0 BEL(.f HI 65 HL BC 0 bo I P I-P
1640eo) FOR INO 65 OBC 0 4 ~ 5 Pl+0
1670eo 30 ' 0 GOl. DSERG 65 HSC 0 6 Pl+0 ~ 8 PI-P
1630o l t 15~ ) OUSAL 67 HMS - 7 ~ 11.5 ~ 12PI P
Rl PEAK FROM CERN MMS EXP' DECAY HOOES AND G PARITY UNKNOWNo

NOTE THAT THE R I HAS MUCH SMALLER WIDTH THAN THE OTHER ENTRIES
1680 0) (20 0) PQIRIER 67 HBC 0 8 0 Pl- P
1683~ 13~ ARHENISE 68 OBC 0 5 1 Pl+ 0
1620 ~ 20o SOESE BECK 6S HSC + S Pl+ P
1720 0 20 F 0 CREHHELL &S HBC 0 6 ~ 0 Pl- P
1640~ 0 ' 25 ~0. CRENHELL &8 HBC 6eo Pf P
1640~ 0 ' Zo ~ 0 25 ~ 0 CRENNELL 68 HBC + 6 ~ 0 Pl-PGKBAR K

1655' 0 10' 0 JOHNSTON 68 HBC 0 7 0 PI- P
165060) AOERHOLZ &9 HBC + 8 Pt+ PE K+Ko
1750eo) CASO 69 HBC 0 11~ Pl PrNZPI
o ~ o o ~ ~ o ~ o
1663 1 IQ 7 AVERAGE (fRRQR INCLUDES SCALE F4CTOR. OF 1 7)

( SEE IOEOGRAIII BELOW )

6/6 6
&/66

7/67

6/6 8
6/6 8

12/68i
12/&Si
12/680
6/68
8/6 94
8/6 9la

See the, ilhratrated key preceding the data card (iatirIya.
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MESON RESONANCES

Data i» parentheses have not been i»el((ded in o((r averages.
REFERENCES FOR RHO(1660)

LIEIGHTEO AVERAGE = 1663.1 + 10.7
ERRDR SCALED B'Y 1.?

BELL INI
FCR INO
GOLDBERG
EHRL ICH
FQCACC I
LEVRAT

65 NC 40 A 948
65 PL 19 65
65 PL 17 354
66 PR 152' 1194
66 PRL 17 890
66 PL 22 714

BELLINIGOI CORATO ~ DUIHINOGFIQR INI '(i IL.ANO)
FOR INO, GESSARQLI + (BQLQGNA+QRSAY+SACLAY)
GOLDBERG+ (CER N+ PAR I S«ORS AY+M I L ANO+CEA SACL)
Ro EHRLICHG Wo SELOVE ~ H YUTA (PENNSYLVANIA)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
CERN HISSING MASS SPECTROMETER GROUP (CERN)

ABRAMS. 67 PRL 18 620
DURAL 67 NP 83 435

ALSO 68 THESIS 1456
POIRIER 67 PR 163 1462

+KEHCE+GLASSER+SECHI-ZORN+WOLSKY IMARYLANO)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
L ~ DUBAL (GENEVE)
+BISWAS CASON DERAOQOKENNEY+ (NOTRQAM+PENN)

I

1SSO 16SO 1?SO
RHO (1660) Z}ASS ff1EV)

-JOHNSTON
CRENHELL
.CRENNELL

. .CREHHELL
~ BOESEBECK.AR((ENISE
GOLDBERG.BELLINI

18SO

68 HBC

68 HBC

68 HBC
68 HBC
68 HBC
68 OBC
65 HBC
6S HLBC

CHISQ
0.7
1 ~ 1
0.9
8.1
4.6
2.3
0.1

17.7
(CONLEV
=0.007)

'W

W

W R
W R
W

W

W

W

II(

W,
W

AVG

13

(4000)
180 0
(21~ )
Rl PEAK

(226 0)
1880
108~

200 ' 0
20000

79~ 0
80 0

(10000)
( 20000)
0 ~ ~ 0

11009

15 RHO ( 1660) WIDTH ( ME V )

40 ~ 0
OR LESS
FROM CERN

(68 ' 0)
49 '
400

100' 0
100' 0
7' 0
2D00

FQRfNO 65 OBC
GOLDBERG 65 HBC
LEVRAT 66 MMS

MHS EXP' DECAY MODES ANO

(46 ~ 0) PQIRIER 67 HBC
AR &EN ISE 68 DBC
BQESEBECK 68 HBC
CRENNELL 68 HBC
CRENNELL 68 HBC

2500 CRENNELL 68 HBC
JOHNSTON 68 HBC
ADERHOLZ 69 HBC
CASO 69 HBC

0 4 ~ 5 Pl+0
0 6 PI+0 ~ 8 Pl-P

7 ~ 12 PI- P
G PARITY UNKNOWNS

0 8 ' 0 PI- P
0 5 ' 1 Pl+ O

+ 8 Pt+ P
6 ~ 0 Pl- P. O 6.O Pl- I

+- 6 ~ 0 Pl-PGKBAR K
0 7 0 PI P.

+ 8 Pl+ POK+Ko
0 110 PI PyN2PI

LIEIGHTEO AVERAGE = 110.9 A 18.S
ERRDR SCALED BY 1.3

18~ 5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 103)
l SEE IDEOGRAM BELOW )

6/66

7/67

11/67
6/68
6/68

12/68«
12/68«
L2/68«
6/68
8/69«
8/69«

ARHENISE 68 NC 54 A 999
BOESEBEC 68 NP 8 4 501
CRENNELL 68 PL 28 8 136
JCHNSTQN 68 PRL 20 1414

ADERHQLZ 69 NP 8 11 259
CASO 69 NC 62 A 755

+FOR INO+C AR TACC I+ ( 8 A'R I+BOLOG&F IR ENZE+OR5 AY) I
BOESEBECK OEUTSCHMANNO+(AACHEN+BERLIN+CERN)
+KAR SHON ~ LA I 2 SCARR ~ S& I LL I CORN (BNL)
+PRENT ICE 2 STEENBERG r YOON, (TORONTO+WI SC)

+BARTSCHO+ (AACH+BERL+CERN+KRAK+WARS)
+CONTE BENZ)+ (GENO+OESY+HAHB+HILA+SACL)

p(] 7] 0) 12 RHOIIRIO JRG I I 1 OR 2

THIS ENTRY CONTAINS 4P IR RHO 2PI 2 2PHOG OMEGA Pf o+47t AND K«KBAR ENHANCEMENTS ~ AND THE R2

H

P.

M M

M H

M K

K

M

M J
J

H

M

M

M AVG

38 &ASS (HEV)

80 1717~ 7 ~ DANYS Z 67 HBC OSEE NOTE R BELOW
SEEN IN 2 ~ 5-3 PBAR P ~ 2P I&2PI-2 WITH 0 ~ 1 ~ 2 PI+PI PAIRS IN RHOO BAND

(1700 ' ) (1' ) DUBAL 67 MHS 7 ~ 11~ 5 2 12P I P
R2 PEAK FROM CERN HMS EXPT DECAY MODES AND G PARITY UNKNOWN

(1700 ' ) FRENCH 67 HBC 0 3 23 ~ 6 PBAR P
OBSERVE() IN NEUTRAL(K« KBAR) HOOF (G-PAR ITY UNKNOWN)

17200 15 ~ BALTAY 68 HBC + 72 805 Pl«P
( 1720 oi CASO 1. 68 HBC — LL ~ OPI-P ~ RHQ 2PI
(L67000} CASO I 68 HBC 1100 PI-Po 4PI
(1675 Oi (10~ 0) JOHNSTON 68 HBC - 7 0 PI- P

NOT SEPARATED FROM 2 PI DECAY
169000 16 ' 0 AOERHCLZ 69 HBC + 8 PI+ PGKKBARPI
1700~ 0 4 7 ~ 0 ANDERSON 69 HHS 16 PI- P ~ BACKW

~ 0 0 ~ ~ ~ 0 ~

171306 6 ~ 7 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1 ~ 1)

38 WIDTH (ME V )

H

W M

W

W R
W

W

W

W J
W J
W

W

W

W AVG

(30 ) OR LESS
R2 PEAK FROM CERN HMS
80 40 ' 12~

SEEN IN 2 ~ 5 3 PBAR P ~

1000 35 '
(120 0)
(100 0)

(90' 0} (20 ' 0)
NOT SEPARATED FROM

112 0 60 ' 0
(195~ 0)

~ \ 0 ~ ~ ~ 0 ~
48 ' 6 18 ' 2

LEVRAT 66 MHS - 7-12 P f- P
EXPT ~ DECAY MODES AND G PARITY UNKNOWNO

DANYSZ 67 HBC OSEE NOTE R BELOW
2P I+2P I-, WI TH 0 21 ~ 2 PI+PI- PAIRS IN RHCO BAND

BALTAY 68 HBC + 7 ~ 8 ~ 5 PI+ P
CASO 1 68 HBC 1100 PI-P ~ 4PI
CASQ 1 68 HBC — 11 OPI-PGRHQ 2PI
JOHNSTON 68 HBC 7 ~ 0 PI P

2 PI DECAY
ADERHOLZ 69 HBC + 8 PI+ P ~ KKBARPI
ANDERSON 69 MMS 16 Pl- PGBACKW

AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 6)

tt«stt t«tet«««« t«ttt«t«t «t«t««««t «ttt«t«tt t«ttttt«t ttttttttt tt«««tet
ttttt«Jet« t«ttttttt tet«st«et et«tet«et tttt«ttt

5/67

T/67

7/6 T

6/68
6/6 8
6/6 8
6/68

8/69«
8/69«

7I67

5/6 7

6/68
6/6 8
6/68
6/68

8/69«
8/6 9«

-100 100 '

RHD (1660) LIIOTH (f(EV)
300

DH 68 HBC

LL 68 HBC
LL 68 HBC

LL 68 HBC
ECK 68 HBC
SE 68 OBC
RG 6S HBC

CHISQ
2.4
O. S
0.8
0.8
0.0
2.5
3.0
9.9

lCONLEV
-"0 .129)

P1
P2
P3
P4
P5

Rl
Rl

'R 2
R2
R2
R2

38 RHO (1710) PARTIAL DECAY MODES

RHO(1710) INTO 4 P I
RHQ(1710) INTO A2 Pl
RHO(1710) INTO OMEGA PI
RHO(1710) INTO PHI Pl
RHO(1710} INTO 2 RHO

DECAY MASSES
139+ 139+ 139+ 139
139+1300
139+ 78'3

1019+ 139
765+ 765

RHO(1710)+- INTO t PI+- A20) /(ALL PI+- PI+ PI- PIO)
(WITH A20 INTO (PI+ PI- P Io) )

O. 40 O. 20 BALTAY 68 HBC + 7 ~ 805 P I+V
NQT SEEN JOHNS TQN 68 HBC — 7 PI- P

6/68
6/68

38 RHO(1710) BRANCHING RATIOS

R2 MESON FRACTION INTO ONE / THREE / FIVE OR MORE CHARGED TRACKS
(0042)l 0 ~ 56 / 0 ~ 01 FOCACCI 66 MHS 10/66

PL
P2
P5

15 RHO (1660) PART I AL DECAY MODE 5

RHO (1660) INTO PI Pl
RHO ( 1660 ) INTO 4P I
RHO (1660) INTO K KBAR

DECAY MASSES
139+ 139
139+ 139
497« 497

R3
R3
R3
R3
R3
R3 AVG

R4
R4

R5
R5

RHO( L710)+

0 ~ 25
025

0 ~ 0 ~ ~ 0
0 ~ 250

INTO (Pl OMEGA) l(ALL PI+ PI+ PI PIO)
(WITH OME(RA INTO(PI+ Pf Plo) )

0 ~ 10 BALTAY 68 HBC + 7 8 ~ 5 Pl+P
0 ~ 10 JOHNSTON 68 HBC 7'00 PI P
0 ~ ~

0 ~ 071 AVERAGF. (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

RHQ(1710}+- INTO (Pl PHI)/(ALL PI+- PI+ PI- PIO)
(0011) OR L. ESS BALTAY 68 HBC + 728 ~ 5 PI+P

RHQ(1710)+- INTO (RHO 2P I) l(ALL 4PI)
CONSISTENT WITH I CASO 1 68 HBC 11 PI-

5/68
6/68

'6/6 8

6/68

RL
RL

R3
R3
R3
R3

RHO(1660) INTO (K KBAR) / (2 PI)
I NO f CAT ION 5ECN EHRLICH 66 HBC +-0 7 9 PI- P

PROBABLY SEEN ABRAHS 67 HBC 0 4 25 K- P
0008 0008 0003 CRENNELL 68 HBC 6 ~ 0 Pl P

3/67
6/6 7

12/68«

L5 RHO (1660) BRA)IICHING R ATIQS
(FOR OTHER POSSIBLE HODES SEE RHO(1715} BELOW)

Rl MESON FRACTION INTO ONE / THREE / FIVE OR MORE CHARGED TRACKS
(0 ~ 37)/ 0 ~ 59 I 0004 FOCACCI 66 MHS 1 0/66

R6
R6

RT
RT
R7
R7

RB
RB

RHQ (1710)+- INTO
0048 0016

RHO(1710) INTO
SEEN
SEEN
SEEN

( RHO+- RHOO )/ (ALL RHO 2P I )
CASO 1 68 HBC

1

(2 RHO) I (ALL 4P I)
DANYSZ 67 HBC
BALTAY 68 HBC
JOHNSTON 68 HBC

11 PI- P

0 3-4 PBAR P
+ 7rB ~ 5 PI+ P

7 P'f, P

RHO(1710)+- TNTO (Pl+- 2PI+ 2PI Plo)/(ALL PI+- PI+ Pl- Plo)
(00 L5). OR LESS BALTAY 68 HBC + 7 ~ 8 5 PI+ P

6/68

5I68
6/68
6/68

6/68
ttttttttt ttttttttt ttttttttt tttttttts «tet«tet« tet«««tet tttttt«t R9 RHQ( 1710)+- INTO ('P I+- PIO) / (ALL Pl+- PI+ P I- PI 0)

R9 0 ( 0 ~ 08) OR LESS BALTAY 68 HBC + 7 8 ~ 5 PI+ P
R9 0 USING DATA OF OEUTSCHMANN 65 ON PI+P TO PI+ PIO P

tttttt tttttttts ttttttttt ttttttttt ttttttt«t ttttttttt ttt««tttt tttttttt

6/68
6/6 8

See.the itiustrated key priosding the data card listings.
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MESON RESONANCES
Data in parentheses have not been included in our averaages.

DEUTSCHH 65 PL 18 351
FGCACCI 66 PRL 17 890
LEVAAT 66 PL 22 714

REFERENCES FOR AHO( 1710)

M ~ DEUTSCHHANN ET AL (AACHEN&SEALIN+CERN)
CERN HISSING MASS SPECTROMETER GROUP (CERN)
CEAM HISSING MASS SPECTROMETER GROUP (CERN)

kx, too(18BO) "*
~5+K K

PHI OR Pl 11830) Ge-j (JPG~ -I teo GR GREATER
(HIS ENTRY COHTAINS OMEGA PI P I AND K PI KBAR AND

THE R4 PEAK ~ R4 ts ONLY 4 3 STANDARD DEVIATIONS EFFECT ~
I«1 IF {OMEGA RHO) QOOE EXISTS~

OMITTED FROII TABLE

DANYSZ 67 PL 248 309
DUSAL 67 MP R3 435

ALSO 68 THESIS 1456
FRENCH 67 NC 52A 442

BALTAY 68 PRL 20 887
CaSa 1 68 MC 54 4 983
JCHNSTON 68 PRL 20 1414

ADEAHCLZ 69 MP 8 li 259
ANDERSON 69 PRL 22 1390

+FRENCH+K INSON+5 IHAK+ tCERN&L IVERPOOL )
+FOCACCI+KLENZLE+LECHANGIME+LEVRATe (CERN)
LE DUBAL (GENEVE)
+K INSON+&CDONALOtR I ODI FORD+ {CERM+A IRM)

+KVNG+YEH+FERBEL+ (COLHR+AOCH+RUTG+YALE) I~1
+CONTE+COROstDIAZ+ (GENOVAeHAMB+MILtSACL)
+PRENTICE ~ 5TE ENBERG ~ YOON ( TORONTO+WI SC I I JP

+BARTSCHqe (AACH+SERL+CERH+KRAK+WARS )
+COLLINS t BL IE DEN+ (BNL+CARN)

H 0
H 0
M K
H K
M M

M M

43 MASS {I{EV)

l 1848 ) {11~ ) DANYSZ 67 HSC 0 3«3«6 PBAR P
ORSERVED Ihi {O&EGA PI+ PI-) (ANO POSSIBLY (OHEGA RHO{0) ) ) HOOE

(1820e l (12 ~ I FREIiCH 67 HSC 0 3t3«b PAAR P 7/67
ORSERVED IN (KS Ko PID I MODE {G-P4AI TY UNKNOWN)

t 1830~ ) l 15e I DURAL 67 MMS Tt 11 5 12 PI P 6/68
Ml SSING MASS k4 PEAKo FINAL STATE UNKNOWN

effete tttttfftf ffftftfff tffftttff tfffeeftf ffftftfft 11111ffft etttefef
ftftttfet tffftfttf ftffff tee 111111111ftttff111 ~tttttff

(R SV50~
THIS ENTRY COHTAINS I 1 PEAKS AND THE R3 PfAK

~ NGT A F IRHLY ESTABLISHED RESONANCE OMITTED FROM TABLE

W 0
W 0
W K
k K

W H

Ii M

43 WIDTH (HEY )

{67 ~ ) l(27 ~ I DANYS Z

OSSEIIVEO IN (OMEGA P I+ Pl l lAND
(50« ) {20~ I FPEIIICH

OBSERVED IN (KS KO Ploe ~ el MODE
(30«0) GR LESS DUBAL

MISSING HiSS R4 PEAK, FINAl. STATE

67 HRC 0 3 ' 3 6 PBAR P
POSSIR{.V (OMEGA RHOlo) ll MODE

67 HBC 0 3»4 PAAR
{G PARITY UMKNOIIN)

67 MHS 7 ~ 11«5~ 12 PI-P
UHKNOWH

7/67

7/6 7

6/68

39 R( 1750) HASS(MEV)

M 1748 ~ 16« DUBAL 67 MMS — 7 ~ 11 5 ~ 12 P I- P 7/67
F ( 1740 ~ l FRENCH 67 HBC tKO K+-I 3 4 PBAR P 7/67

H F SEE FfG« 9 Of FRENCH 67

39 R(1750) WIDTH (MEV )

Pl
P2
P3
P4

43 PARTIAL DECAY INGDE5

PHI (1830) INTO 5 P I
PHI (1830) INTO OMEGA PI PL
PHI (1830) INTO OMEGA RHO
PHI (1830) INTO K KBAR PI

DECAY MASSES
139+ 139+ 139+ 139
139+ 139+ 783
783+ 765
134+ 497+ 497

W

F
F

{38~ ) OR LESS LEVRAT 66 HMS 7 ~ 12 PI P 7/6 7
( 120e ) APPROX ~ FRENCH 67 HSC {KO K+-) 3-4 PRAA P 11/691

ABOVE VALUE ESTIMATED FRGH FIG 9 GF FRENCH 67

effect tetfeeeee teteettte ettteeete ttfeeeeee ettfeeeee eeeetteee eeteefee

REFERENCES

39 A{1750) BRANCHING RATIOS

DANYSZ 67 NC 51A 801
DUBAL 67 NP 83 435

ALSO 68 THESIS 1456
FRENCH 67 MC 524 442

GAMY 5 Z +FR FNCH os I MAK {CERN)
CERN M(SSIMG MASS 5PECTROMETER GROUP (CERN)
L ~ DURAL (GEMEVE)
+KINSON+MCDONALD+RIDDIFORD+ (CERN+BIRN)

R3
R3 C
R3 C
R3 C

FOCACCL 66 PRL 17 890
LEVRAT 66 PL 22 714
DU84L 67 NP 83 435
FRENCH 67 NC 52A 442

CERN MISSING MASS SPECTROMETER GROUP (CERN)
CERN NISSING MASS SPECTROMETER GROUP (CERN)
CERN MISSING MASS SPECTROMETER GROUP (CEANl
+KI NSON+MCOGM4LO+A IOOIFORD+ (CERN+BIRN)

R3 MESON FRACTIOM INTO OME / THREE / FIVE OR HORE CHARGED TRACKS
(0 14)/' 0 80 / 0 05 FOCACCI 66 MMS 10/66

FRACTIOM INTO' ONE CHARGED PROB ~ L4AGER THAN GIYEH ABOVE ~

CF OVBAL 67

fffetftff tfftftfte fete ftttt ffffteeff ftftfttet feetfeet

REFERENCES FOR R (1750)

effete tteft ~ eff ttfftette ettffftef ftftff ftt tftftfeff tfttftfff feetfeet
1t tete eeteee fee tetett tet tf eeetete 1111111et 1 effete ff eeff eeet 1 11111111

S(1930) ~i srse30, &as- & i-i f«L

REGION .HIS FNTRY COMTAINSy BESIDES THE 5(1930) SEEN BY
CHIKOVANI 66 WITH A MMS ~ VAAICUS OTHER PEAKS NEARBY
5'EE MONTAHET 69 FOA 4 REVIEW OF STATUS
OI{ITTED FROM TABLE

31 5 (1930) MASS (HEV)

t)x, te o(183O)
-B4m,K K

42 ETA OR AHO (1830) Get j (JPG« t)
)~0 OR GREATER

THIS ENTRY CQIVTAINS 4 P t ANO K PI KRAR AMO THE

;R4 MPS PEAK. A4 IS ONLV 4 3 STANDARD DEVIATIONS EFFECT„
GHlTTEO F({GM TABLE ~

11tete 1ft 1111tf1tt tf tttetfe eef tee 111 f tet fete 1 tet effete feetfeet
tffttt ~ftftffff fettteetf ffftftftf ettfff fee ttfetfett fefetefto ffftttfe M

M C
M

M

M

AVG

1929«0
).900«

( ).985«0)
SEEN IN

t 1945«0)
(1925«0)

e e e ~
1925«8

14~ 0 CHI KOVAH t 66 MHSP - 12 «0 PI-P 8/66
40e BGESEBECK 68 HBC + 8 PI+ PyPI+ PID 6/68

CASO 68 HSC - 11~ 0 PI P 9/6 8
RHO- Pl+ Pf- IOMEGA AMTISELECTED)

CLINE 68 HSC «3 ~ 7 PS P ELAST 9/6S
CLIME 68 HBC 3 7 PR P E{AST 9/68

~ e ~ e e
13«2 AVERAGE (ERROR INCLUDESSCALE FACTOR GF 1«0)

H

H R
M

M

M M

M

K

H 4VG

110 1832 ~

SEEN IN

(1830« )
HI $51NG
1820«
SEEN IN
~ e ~ e
1829' 6

42 MASS IMEV)

6« DANYSZ 67 HSC OSEE NOTE R BELOW 5/67
2 ~ 5 3~ PSAR P ~ 2PI+2PI ~ WITH 0 ~ 1 ~ 2 Pl+PI PAIRS

IN RHCO RAND
(15 ) DUBAL 67 MHS - 7 ~ 11 5 ~ 12 ~ PI- P 6/68

MASS R4 PEAK ~ FINAL STATE UNKNOWN

12 ' FRENCH 67 HBC DSEE h)OTE K BELOW 7/67
3 -3«6 PSAR P TO tKS KD

Pion

~�~�
) ~ G PARITY UNKNOWN

e e ~ e e
5 ' 4 AVERAGE lERRGR INCLUDES SCALE FACTOR OF 1 0)

W

W

W C
C

W

W

(35 ' 0) OR LESS
2 lbe 105~

( 100~ 0)
SEEN IN RHG PI+ Pl-
(22«0)
(10 0)

CHIKOVANI 66 HMSP
SOESERECK 68 HBC
CASO 68 HRC

(OMEGA ANTISELECTED)
CL INE 68 'HBC

CL I NE 68 HBC

31 5 tl930l WIDTH (MEVl

12 ~ 0 Pt-P 8/66
+ 8 Pl+ P ~ Plt PIO 6/68

11,0 PI- P 9/6 S

~ 3 ~ 7 PS P E{.AST 9/68
~ 7 PB P ELAST 9/68

31 D(SIGMA)/0(T) ( MICRCBARNS/(GEV/C)112 I

42 WIDTH tMEV) Cs 35 ' 0 12 ~ 0 FOCACCI 66 HHS .22 LTE 7 LTE .36 9/66

110
R
R

M

W 42 '
SEEM IN

W

I{
W

K
W

AVG

(30~ Ol OR
Hf SSING
50«
SEEN IM

~ e ~ ~ e
4' 5

11' DANYSZ 67 HBC OSEE NOTE R BELD'W
2«5 3 ~ PBAR Pe 2PI+2PI ~ WITH 0 ~ Lt2 PI &Pl» PAIRS

IN PHOO RAND
LESS DVBAL 67 MMS - 7«tt ~ 5« 12 Pl-P

MASS R4 PEAK ~ FINAL STATE UNKNOWN
23« FRENCH 67 HBC 0 SEE NOTE K BELOW

3 ~-3~ 6 PBAR P TG {Ks KD PIO ~ ~ ~ I ~ G PARITY UNKNOWN

e ~ e ~
9~ 9 4VERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)

5/6 7

6/6 8

7/6 7
CHIKOVAN
FOCACC I
ROESEBEC
CASO
CL INE
MONTANET

66 PL 22 233
66 PRL 17 890
68 MP 8 4 501
68 VIENNA CONF' 325
68 PRL 21 1268
69 LUND CONF« REVIEW

CERN MISSING MASS SPECTROMETER GROUP (CERN)
CERN MISSING PASS 5'PEC TAOMETER GROUP (CERN)
BOESEBECK«DEUTSCHMANN «+(AACHEN+RERL INoCERN)
+CONTE ~ CORO 5 A ATT I+ {GENOA oHAMB+P ILAN+ SACL I

&ENGL LSHqREEDEP y TEIIRELLq TWf TTY (Wl SCGNSINl
L ~ MCNTAMET

eetttettf teeetette tfttfefte eettetett fftfttfff tt ~teteft feetfeet

REFERENCES FOR 5(1930)

42 PARTIAL DECAY MODES
111ttf 1~ et tete ~ tef tet f11 fete fleet et effete ~ fete et tet ftetf 11'11 11~eff 1~

1 tete ttttt ~effete tf tfttf ffft et fttttf1 effete fee f11ftf tee 1 fete 1'ef

Pl
P2
P3
P4

FTA OR RHO {1830) INTO 4 PI
ETA OR RHO (1830) INTO RHO PI PI
ETA OR RHO (1830) INTO RHO RHO

ETA OR RHO (1830) tNTG K KRAR Pf

DECAY MASSES
139+ 139+ 139+ 139
139+ 139+ 765
765+ 765
134+ 497+ 497

tetttt tfttteftt tfffeffft fetftteet teft tf ftf etetttttf eeteteeet etteeetf

p(-af oo)
REGION

51 RHO {2100«JPG~ +) I ~ I

NICHOLSON 69 SUGGEST IG~I+«JP~3- FROM ANALYSIS DI'
0 IFFERENT I AL CROSS-SECT IONS ~

~OMITTED FROM TABLE

REFERENCES
51 AHC {2100) MASS (MEV )

DANVSZ 67 Pl. 248 309
DURAL 67 NP 83 435

At. sD 68 THESI 5 1456
FRENCH 67 MC 524 442

+FRENCH+KINSON+SIMAK+

(CERN+LIVERPOOL�)

CERN MISSING MASS SPECTROHETER GROUP {CERN)
Le DURAL {GENEVE)
+K(NSDN+&CDONALD+RIDDIFORD+ (CERN+8(RM)

2086 ~ 0
(?120«)

38 ~ 0 ANDERSON 69 MM$16 Pf P ~ RACKW 8/691
NICHOLSGN 69 CHTR 0 ~ 7-2«4 PB P«?P I 9/691

etettt tettttttt tete ~ 1111 ttetetftf ettftefff ~eeet ~ tft tete fftte 1~etttt ~
111eee fe ~et ~ fee ttf eeefee tf fete tee ftffet 111 fet tet tee 111111fte feetfeet

W N

W N

51 RHO {2100) WIDTH ( HE V I

(150«0) ANDERSOh 69 M&5
(249 ) NICHOLSGN 69 CNTR

THE WIDTH INCLUDES RESOLVT ION ~

16 Pf Pt84CKW 8/69'e
0 ~ 7-2«4 PR PE 2PI 9/691

111tf1 1~ tete tte tteeteetf etttf eeet etttfttf1 teteef etc tf tee fete tf ttttt1

ANDERSON 69 PAL 22 1390
NICHOLSO 69 PRL 23 603

REFERENCES FOR RHO{2100)

+COLLINS ~ BL fEDEM+
HICHOLSGN ~ RAP tSH ~ DELOAME ~ +

( SNL tCA(tM I
(CALTtRGCH+RML )

~ of ete ~etttteef etf ~ tf feetttt ttt tf tttttf ~

Boo the iiiotttoted kev precediny the dote coiid {ittinyo.

tft ttteefttt etttftfft tffeeeftf fttte ~ tf
tt ~tef ~ tt effect fee f feetfeet ~ te ~ eeetf ~effete 1
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MESON RESONANCES
.Data in parentheses have not been included in our - averages.

T(22OO)
REGION

32 T(2200r JPG& ) Iel OR 2

THI 5 ENTRY CQNTAINSe BESIDES THE T{2200) SEEN SY
CHIKOVANI 66 WITH A HMS ~ VARIOUS OTHER PEAKS NEARBY
SEE PONTANET 69 fOR A REVIEW OF STATUS

x Or{I TTEO FROM TABLE ~

U asv5)
Ut 2375 JPI' ) I I QR 2

REGION

M

M 8
M 8
M 8
M 8

A

M

M C
H C
H K
M K

0
M 0
M

AVG

W

W 8
W 8

C
C

W K

W K
0

W 0

CS

CS
CS K

CS K

8/6 d
7/67

L2/66

10/6 7
9/68

7/$9e'

11/690

32 T {2200) WIDTH ( teEV )

t LYo0) OR LESS CHIKOVANI 66 MMSP'
(85 ~ ) ABRAetS 67 CNTR

SEE NOTE 8 UNDER T(2200) MASS ABOVE'
62 ' 52 ' ALLES-BOR 67 HSC

t130x0) CASO 68 HBC
SEEN IN RHO- PI+ Pl- (OMEGA ANTISELECTED)

BETlrEEN 20 ANO 80 MEV KALBFI.EIS 69 HSC
~ SEEN IN PSAR P TO RHOO RHQO PIG ~ LGaL ~

{20 ~ ) {16~ ) (2 ~ ') BAUS)LLI 69 HSC
SEEN IN PSAR P TQ KL KL OMEGA

12nD Pl P
5 CHANNEL NSAR N

0 5 ' 7 PBAR P
11 ' 0

8/66
7/67

12/66
9/6 8

0 5 CHANNEL PSARP 7/69t

0 S-CHANNEL PBARP LL/691

32 0(SIGMA)/0 I T) { HICRGBARNS/(GEV/C)002 )

29 0 10~ 0 FOCACCI 66 MMS .22 LTE T LTE .36 9/66

32 5IGINA (HB) FQR FORI ATION SY NUCLEON ANTINUCLEON

tdn) ASRAMS 67 CNTR
(0' 5) (0' L) KALBFLE IS '69 HSC

PSAR P TO RHOO RHOO PIO

5 CI'ANNEL NSAR
0

7/6 7
7/690
7/690

32 7{2200) MASS {MEV)

219' 0 1' 0 CHI KOVANI (16 MMSP 12~ 0 PI P
(2190~ ) {5' ~ ) ASRAMS 67 CNTR 5 CHANNEL NBAR N

SEEN AS BUMP IN Iel STATE~ WIDTH MUCH LARGER THAN IN
THE tereSP EXP' SEE ALSO COOPER 68
BR IClrAN l69) SEES NO SUtePe SPIN LESS THAN 5 IS SO EXCLUDED
2207 ' 13' ALLES-SOR 67 HSC 0 5 ' 7 PBAR P
ALLES-SORELL I 67 SEE NEUTRAL MODE ONLY tPI+Pl-PIO)
2190' 0 10»0 CLAYTON 67 HBC +- 2 ~ 5PSAR A2+OMEGA

l 2200x 0) CASO 68 HBC LL ~ 0 PI P
SEEN IN RHO PI+ PI {OMEGA ANT I SELECTED)

(2190' 0) KALSFLE 15 69 HSC 0 5-CHANNE{. PBARP
SEEN IN PSAR P TQ RHOO RHOO PIG ~ IGeL ~

{2176' ) {5~) SAUSILLI 69 HBC 0 5 CHANNEL PBARP
SEEN IN PRAR P TQ Kl KL OMEGA
~ ~ ~ ~ ~ ~ ~ ~ ~

2196 ~ 0 7 0 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

Note on U(2375)
The CERN Missing-Mass Spectrometer

group have reported narrow peaks above 1700
MeV called R, S, T, U, and X . All except
U(2380) are still omitted from the Meson
Table because the supporting evidence is

-either insufficient or, in the Rs S~ and T

regions, suggests more than one resonance.
See the Lund Conference Report of
MONTANET 6g.

However, the evidence supporting the

original, narrow (I"& 30 MeV) U(23801 seems
sufficiently consistent so that we have in-
cluded it in the table. This evidence is pre-
sented in the figure below. There is also a
bum. p in the I = 1 o' (pp) reported by ABRAMS

67, but it is 140 MeV wide and is not drawn.

ftitfe 100000101 tftettttt ieiiifete iiet0111t ttifit ~if 000000101 ~0 ~e fttf
REFERENCES FOR T(2200)

Vfe thank the University of Michigan and

Michigan State University HBC groups for
CHIKOVAN
FOCACC I
ASRAHS
ALLES SQ
C ASO
CLAYTCN
COOPER

66 PL 22 233
66 PRL 17 890
67 PRL 18 L209
67 NC' 50 A 776
68 VIENNA CONF 325
67 HEIDBG ~ CONF ~ P ~ 57
68 PRL 20 1059

CERN MISSING HASS SPECTROMETER GROIIP {CERN)
CERN MISSING MASS SPECTROMETER GROUP ICERN)
+COOL+G I ACOHE LL I eKYC I A+LEONTLC+L I+ l SNL )
ALL'ES-SQRELLL t FRENCI'r FRISK ~ + {CERN+BONN )GO-
+CONTE ~ CORDS RATTI+ {GENQA+HAMB+FILAN+SACL I
+MASON ~ MUIRHEAOrFILIPPASe (LIVPOOLeATHENS)
+HYMANtMANNER ~ MUSGRAVEeVQYVODIC {ANL)

informing us to their combined events
+--0

pp K1K1~, K1K1m vr Tr ' K1K +neutrals).

p( 2875)
REGION

52 RHO {2275r JPG~ +) Ial

N1CHOLSON 69 SUGGEST IG~(ee JP~5- FROM ANALYSIS OF
DIFFERENTIAL CROSS-SECT IONS ~

~OMI T TED FROM T ABL E

sr

52 RHO {2275) MASS {MEV)

2260 ' 0
{2290')

18 0 ANDERSON 69 MMS - 16 PI PeBACKW
NICHOLSQN 69 CNTR 0 ~ 7 2+C PS P ~ 2PI

8/6 91
9/690

'W

W N

W N

52 RHO (2275) WIDTH (MEV)

l25 ~ 0) OR LESS ANOER SQN 69 MMS

l 165n ) NICHOLSON 69 CNTR
THE I{LOTH INCLUDES RESOLUT ION~

16 P I P ~ SACKW 8/690
0 ~ 7 2 ~ rt PB P 2PI 9/690

~ 00 ~00 ifetfiffe tiie1e ~ et tttiieefe itiiietft ftttteeii ift101tit tieeietf

REFERENCES FOR RHO(2275)

ANDERSON 69 PRL 22 1390
NICHOLSO 69 PRL 23 603

+COLLINS, BLIEQEN+
NIC HOL SAN t BAR I SHe DE LORME ~ +

{BNL+CARN)
(CALT+RQCH+BNL)

00~ 00 000110010 0000'1011t 00010t100 fit ettfif 0000it tit fe010011t 00001001
tef ftt if ieieift Oteite 010 ~ ifiieeet ettf et 000 ieftetf et itet tietf tffee 010

SAUBILLI 69 LUND PAPER 87 BAUBILLIERtDUBOC ~ HURIAUXtGLBBINS ~ +t IPN+{,IV)
SR(CHAN 69 PL 29 8 rt5L +RERRO-LUZZI, Bl ZARne+ lCERN+CAEN+SACL)
CASO 69 NC 62 A 755 +CONTE BENZ' + {GENO+DESY+HAMS+MILA+SACL)
KALB'FLEI 69 PL 29 8 259 GeKALSFLEISCHrR ~ STRAND ~ VeVANDERSURG {BNL)
HONTANET 69 LUND CONF ~ RFVIEW L MONTANET

010ft1 itff 0eiii tifffitf 1 tettettti eef etf ett it tet ttif 010000000 00001010
0attif 000100010 ftittetti feefeteei fttttteii 011000000 000001001 101f~00~

ts

JMSUO
RNG -2 69 Fig. ic+lcho

lip Kt Kata (aaevantxt
KOKOI Y+g-ro(339)

KIK~ neutrals(3')
t

x

I li

C LAYTON 69 Liverpod SNhene-

ur 'bverage"

Cl
E
b

0.2—
Ul

0(l
80—

e &

LLI N Pp ~A@Id

2.2 24 2.6
t!)~ Experiments exhibiting U(237k( peak

2000 ll CHLKOVANi 66,CERN MMS
Fig. 3b«"P P)L

g ~ IOOO-
T IOQ%eff~ l2Gev/cca Ue) Q i~4a/ ~ 0 ~—Our "overage"

QJ O
~ I

ANDERSON 69, BNL

~-p p)L
- (l80')

E 2 I6GeV/c,

Q 20-26mrad
) r I

, 0„
0.4 -'

Bae the iiittstratad key Preaedin8 t)te data card iistin8s.
'

I

2.2 2.4
'~s {GeV)

I

2.6
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MESON RESONANCES

Data is parcsthcscs have sot bccs iscludcd is our avcragcs.

33 U(2375) HASS (MEVI 48 X (2620) WIDTH (HEVI

H

M

M 8
M

M

M

AVG

2382 ~ 0
{2345 ' )

SEEN AS
(2380 ' 0)
2370 ~
2370» 0
~ ~ ~ ~

2371 F 4

24 ~ 0
{LO» I

BURP IN I ~ I
(10~ 0)
17
10 ' 0

~ ~ ~ » ~

8 ~ 1

CHIKOVANI 66 MMSP
ABItAHS 67 CNTR

STATE ~ WIDTH MUCH LARGER
CLAYTON 67 HBC
ANDERSON 69 ASPK
R I NGZ 69 HBC

12 0 Pl P 8/I66
5 CHANNEL NSAR N 7/67

THAN IN HMS EXPT»
+- 2»'5PSAR G42+OMEGA 11/690

16 Pl BK SCAT LL/690
0 5-CHANNEL PBARP 11/691

AVERA('E (ERROR INCLUOES SCALE FACTOR OF L. O)
BAUD

REFERENCES 'FQR X~{2620)

69 PL 308 129 +BENZG BQSNJ4KOVIC ~ SQTTER {LL~ K IENZLE ~ +(CERN)

01tfet 100teitf t 0 ~ 1ef titt tittff tee tff 00 if 00 ~10000111 if ttteett tff teet
100ttttft teef etft t iieet 1001 etf tet'101 fettef ttt 0011100

W 550 85 ~ 30 ~ BAUD 69 HHS 8 10$ Pf P 9/690

et etta)fit ttttettef 0ftttte ~1 fttttf 000 ftttfttef fttftterie tttfarttt

(30.0l
('L40»)
5 EFI( 4 5

( 57» I
{40»ol

33 U(2375) WIDTH {MEV)

OR LESS CHIKQVANI 66 HMSP - 12 ~ 0 P I-P 8/66
ABRAPS 67 CNTR 5 CHANNEL PBAR N 7/67

BUMP IN I~L STATE WIDTH HUCH LARGER THAN IN MMS EXPT ~

ANDERSON 69 ASPK - 16 Pl- BKSCAT 11/690
RING2 e9 HIIC 0 5-CHANNEL pBARp 11/690OR LESS

( ) 99 X- 12000, JAG I I I 0R 2

OHITTEO FROH TABLE

49 X- {Z800) MASS (MEVI

CS 42 ~ 0

33 D(SLGHA)/O(T) f MICRCBARNS/{GEV/CI102 I

14~ 0 FOCACCI 66 MMS ~ 2S LTE T LTE ~ 36 9/66

H 64C 2800 ' 20» SAUO 69 l(MS 8» 10' Pl P 9/690

CS (3 )

33 SIGMA (HS) FOR FQRMATICN BY NUCLEON ANTINUCLEON

ABRAHS 67 CNTR 5 CHAN((EL NSAR N 7!67

49 X (2800) WIDTH (NEVI

W 640 46 ' 10» BAUD
' 69 HHS 8 -Lo PI P 9/691

effect tteftftff effete fee itfttttef teteef fee 1ttetttfe te1ftetft efettett

33 U irE SON BRANCHING R AT IQS
BAUD

REFERENCES FOR X (2800)

69 PL 308 129 +BENZ ~ BQSNJAKOVICGSOTTERILLGKIENZLEG+(CERNI

RL
RL

U- MESON FRACTION INTO CNE / THREE / FIVE OR MORE CHARGED TRACKS
(0 30)/ 0»45 / 0 ~ 25 FCCACCI 66 MHS Lo/66

010000~ ttfttttft 001001100 100010000 ffftttttt 11010~tit 100000110 1100000
tfeetti 0 00ettitt ifeetf tear 100000101 ~0000 ftf1 ttttetttt tttfittf t 11~tttt

effete 101000011 tteffette teftfttfe teetfteft tftfttttt ttatfttif tttttttt
REFERENCES FOR U(2375)

r(a8eO) 90 -12IIGG Jl'G I I IOR2
OMITTED FROH TABLE

CHIKOVAN
FCCACC I
ABRAHS
CLAYTCN
ANDERSON
BRICHAN
CASO

MCNTANET
R INGI
R ING2

66 PL 22 233
66 PRL 17 890
67 PRL, 18 1209
67 HEIOBG ~ CONF ~ P 57
69 PRL 22 1390
69 PL 29 8 451
69 NC 62 4 755
69 BOULDER CONF PREP
69 LUND CONF REVIEif
69 MICH PREPRINT
69 MICH PREPRINT

CERN HISSING HASS SPECTROvETER GROUP (CERN)
CERN MISSING MASS SPECTROMETER GROUP {CERN)
+COQL+GIACQMELL I+KYCIA+LEQNTIC+C1+ (SNL)
+VASQN ~ MUIRHE Ao FILIPPAS+ (1 IVPOOL+ATI'. ENS I
+RLESEP ~ BIRNSAUM ~ EDELSTEING+ (BNL+CARN)
+FERRO-LUZZLGBLZARDG+ (CERN+CAFN+SACL)
4CONTE GBENZ ~ + {GENO+DESY+HAVB+MIL 4+SACL )
+OH, PAPKER05MITHI SPRAFK4 (HICH)
L. HCNTANET
+CHAPHAN ~ CHURCH ~ LYS ~ MURPHY ~ VANOERVELO(ANNA)
+CHAPMANG CHURCH ~ OH ~ PARKER 0 SHI TH+ (ANNA+MICH )

H 230 2880 ~

II
' 230

50 X (ZSBO I MA 55 l IIE V)

20» BAUD 69 HVMS - 8.-10. Pl- P 9/e90

50 X- (2880l WIDTH {HEVI

15 OR LESS BAUD 69 MI(5 8 -10~ PI- P 9/691

tefftt ttttttttf tttffttet tifttttft ttftftttt tttttfftf ftftiffit ftftf111
etettt etfetettt eeetteetf 0 ~ 1110101 000001111 ttttfette t~tt101tt tttttftf 111111ft tact ifa tt ~ 101011 101000101 ttffet tee it tiff tie etttftf tf tttiaett

NNI e (2380) 41 N NSAR {2&80) ( f000) BAUD

REFERENCES FOR X-(2880)

69 PL 308 129 +SENZ r BOSNJAK'OVIC ISCTTERf LLG K IENZLEG+(CERN)

EV I DENCE FOR RE SONANC E PREL I MTNA I) Y ~

QHITTEO FRCM TABLE ~
tffttee itteftttf ettfeeett fefffttfe tteeeietf tftffetft eetfteeff tftetet
efeetef 100010011 tfeftffef tftfteftt efttttt11 11011fstt etttetitf eeieeet

2380 ~

(140»)

41 MASS

10'

41 WIDTH

ASRAMS 67 CNTR 5 CHANNEL NBAR N 7/67

ABRAHS 67 CNTR 5 CHANNEL NBAR N 7/67

K HE SON l JPeo»» ) 1021/2

SEE LISTINGS OF STABLE PARTICLES

0101 ftfttttti ttteftitt ttttfftft 0000*1000 tfititttt etttieftt ettttett
ettett tf tefeett if f0etfit 0tefttfef eettte tie fetftf etc eetttf fit

If(735) 17 KAPPA 1729 Jl ~ ) I I/2

41 SIGMA (HS) FOR FORPATICN BY NUCLEON ANTINUCLEON

CS (2 ' I ABR4MS 67 CNTR

ttttff 100 000100010 ettttttet 001101100 001000101

7/67

EVIDENCF NQT COMPELLING ~ OHITTCO FROM TABLE ~

FOR A COMPILATIONG SEE APPENDIX 4 OF JAN 67 EDITION
(RMP 39r 1 I OF THI5 DATA SUVMARY ~

SEE ALSO ROSENFELO ~ PROC ~ 1968 UNIV ~ OF PENN ~ CONF ~ ON MESON SPECTROSCOPY

eeette teeftttft eeeeffeef ftteetttt tttttf ftf feift ~ ~ tf ftetftetf tteetett
fteeee et tetiiet ef 10tittt tee ~ tete 1 tettef 10~ ~1eeet tf 0 ffeetetef tef feet 1

ABRAMS 67 PR{. 18 1209
RR{CMAN 69 PL 29 8 45L

REFERENCES FOR N NBAR (2380)-

+COOL+GIACQHELL I+KYC IAsLEQNT IC+L I+ (SNL )
+RERRO LUZZ I ~ BIZARO ~ + (CERN&CAEN+SACL)

~) 1$ K ~ 1292 JR I- I I I/2

0 etteeeefe fetteteft 0001111110000101~ 0 tete ~1011 ttteeftf
ttetet tf ttftftt 101010000 00 ttttete iittttift itf tiff tt 010101110 ftfetfet 18 Ke {892) MASS {HEV)

($500) 90 X- 12900, J»G ) I I OR 2

OMITTED FROM TABLE

46 X (2500) HASS (IIIEV)

2500 ' 0 32.0 ANDERSON 69 MMS 16 PI» PE BACKW9 8/690

46 X (2500) WIDTH {MEV)

(87 ' 0) ANDER SON 69 MMS - 16 PI P ~ SACKW9 8/691

ANDERSCN 69 PRL 22 1390

RE F ERENCE 5 FOll X- ( 2500)

+COLL INS, + {BNL+CARN)

X ()2620) 9$ X- )2020 JPG I I I Olt 2

OMITTED FROM TABLE

etitit 01~iftttt 0101ftftf tttfetttt ttffeteft tettettf0 '0teefftf0 101'0110
tfefeteet eeetfetfe eftftttfe eefeefff0 eetfefftt eefeeftet eetfete 2886

728
322 9
102 7

M CHARGED
M

H

H

M

H

M

H

H

H

M

H

H

M

H
M

M

'M

M

M

M

M AVG

5 WHAT

5»0
3 ~ 0
3»
2 ~

2 ' 5
4 ~

5 ~

2 ~

3 ~

5 ~ 0
L.O

2 ~ 5
3»0
4 ~

4 ~

5 0
3»0
4 ' 0
2 ' 0
5 0
2 ~ 0
3 ' 0
1 ~

2 ~

1»
I ~

2»
~ ~ ~

00 38

ONL Y ~ TH I 5 I
898 ~ 0
891 o
895»
891
892 ~ 5
898 ~

883.
890
889 '
896 ~ 0
891 ' 0
889 ' 5
895 ' 0
893 '
89L ~

887 '
890 ' 0
892 ~ 0
S96»0
892 0
884 ~ 0
891 ' 0
892 ~ 0
894»
89Z ~

892 '
892 '
895 '

~ ~ ~ ~ ~ ~

892»05

APPEARS AN MESON TABLE
CHADWICK 63 HBC
FERRO LUZ 65 HSC
SOMSE 67 HBC
OE BAERE 67 HRC
OE BAERE 67 HBC
SALLSTROM 67 HBC
SALLSTRCM 67 HBC
BARLOW 67 HBC
BARL{)W 67 HBC
CONFQRTC 67 HBC
WOJCICKIL 64 HBC
ADE LM AN 65 HBC
GELSEHA 65 HBC
ADERHALZ 6S HBC
F fCENECL 6S HBC
F ICENECL 68 HBC
F ICEIf ECZ 68 HBC
F ICENEC2 68 HBC
SCHWE INGR 68 HSC
SCHWE {NGR 68 HBC
KANG 68 HSC
CRFNNELL 69 DSC
ERW IN 69 HBC
FR{EDIGAN 69 HBC
FRI ED MAN 69 HBC
FRIEDMAN 69 HBC
FR IEDHAN 69 HBC
LINO 69 HBC

I ~ 5 K+P
3 ' 0 Ksp

3 K+P
3 5 K+P (KO PI+)

5 K+P (K+ Plo I
3~ Kt P (Ko

Pl+�)

3 K+ P (K+ P lo)
1 2 PSAR P
1 2 PSAR P
0 ~ PBAR P
I 7 K-P
1 ' 5 K P
1 ~ 5 K P
10 K P
1 ~ 3 K-P (K-P I0 )

1 ~ 3 K-P (KOPI )
2 ' 7 K- P(K-PIO)
2 7 K I){KOPI )
4»1 K

5 ~ 5 K P
4 ~ 6 K- P
3~ 9 K N (KOPI I

3 ~ 5 K+ P
2.1 K-P (38DV)
2 ' 45 K»P {38DYI
2»b K-P '{38DY)
2 ' 7 K P (38DY)
9 K+ P

AVERAGE IERRQR INCLUDES SCALE FACTOR OF 1 ~ Ol

7/6 7
'7/6 7
7/6 7
7/67
7/67

11/66
11/e(
9/6 7

6/e(

6/68
9/6 7
9/6 7
2/691
2/690
9/6 7
9/6 7
7/691
7/e 90
9/6 90
9/6 90
9/690
9/6 90
9/6 90
9/6 91

48 X- (2620) MASS {HEY)

550 2620» 20 ' BAUD 69 MHS - 8 ' -10» PI- P 9/690
See the illustrated keY preceding the data card listings.
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wtr

The K Masses and Mass Difference
This note is divided into three discussions:

I. Basic difficulties in determining the mass difference because of interferences and biases.
II. Several experiments report impossibly small errors. We have increased some errors that

violate the laws of'statistics, and. scaled. up some errors that are inconsistent; but we warn that
~tre

most of the errors in our data cards are inconsistent. One cannot then obtain a K mass difference
-"-0 rt( +

by calculating an:average mass for K and for K and just subtracting the two.

III. We summarize the two experiments that explicitly report a mass difference.
I. BASIC DIFFICULTIES

-'- 0 rt( +There are two difficulties in measuring a mass difference m(K ) - rn(K ) of —7 MeV when

the half-width I /Z of the K is 25 MeV:

1) Interference between the resonant amplitude and background can in general shift the peak in

the mass spectrum by some fraction, of I'/Z.
Jr

2) The two charges of K have different topologies; this introduces differences in the measuring
and fitting of the events, which can also produce mass shifts.

Some reactions (symmetric under reflection of I ) are immune to the first difficulty. Thus
-'-0

compare the mass of K produced in

vr p ~Am K
wtr +with the mass of K in the I -reflected. reactionz

m n~Am K+ + 0
t

The final-state amplitudes of each will contain not only the }K ) with Ispin i/2, but also an inter-
ts

fering I = 3/2 P-wave, which we can call }K /2) . But I symmetry forces (tt p }tIK" )
+equal (tt n}AK ); and similarly for the two K

/
amplitudes, so that the shifting of the K" peak

is the same in both reactions. Nobody has published a mass difference exploiting this fact.
)Ic 0Two groups have reported K mass splittings. BARASH 67 report rn - m = 6s3 +4.1 MeV.

FICENEC 68 report IO +4, but we have had to change some of their errors. This leads us to the

following digres sion.
II. IMPOSSIBLY SMALL ERRORS

Consider a sample of N events, with their invariant masses m distributed as an S-wave
Breit-Wigner resonance:

z. e. , P(e-e ) =
R

m

2(e-eR) + i

where e =
& 2, e =

& 2
. One can then show that the minimum possible error on the de-rn R

termination of the central value e is

min R i e. , 5 . (rn )=min
r
2 (2)

This lower limit assumes no background events. In practice, with background, the error
will be larger, by another factor tr = t/2.

We illustrate errors with small and large backgrounds with a table summarizing the recent
experiment ("Unsplit K 's" ) by DAVIS 69.
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Mass Errors 6m of DAVIS 69
Sample with 5% background/signal at peak.

~,Xr

~ I'-Events: K (892), 10 700 events in resonance, 2
= Z5 MeV.

Lower limit from. Eq. (Z), & . (rn) = ——= + 0.35 MeV.
I. '

min N 2
Their likelihood. fit yields two sorts of errors:

6& (m). Ignore correlations, i. e. , keep all the parameters (background,
width, etc. ) fixed, vary rn only:

61(xn) = + 0.4i, 6 (rn)/6 . (zn) = 1.16.
52(rn). As m. is varied, reoptirnize other parameters.

62(m) = +0.53, 62(xn)/6 . (zn) = 1.5.
DAVIS 69 mention 52 = 0.53, but to hedge against systematic

effects, they quote ~5
= 2 MeV. We punch 2 MeV.

Saznple with 50% ba.ckground/signal at peak.
)xEr I'

Events: K (1420), 2ZOO events in resonance, 2
= 50 MeV.

{rn) = 4.6 MeV,

61(xn) = +Z. Z MeV, 61(m)/6 . (xn) = 1.4,

62(rn) = + Z. 6 MeV, 62(xn)/6 . (zn) = 1.6.

Width Errors ~I' of DAVIS 69

For width, the equivalent of Eq. (2) is ~min(I )=+& N
— P = &. &5 5min(m).

i 8/3 I'

For convenience we neglect the factor I.15 anduse 5 . (I') = 6 . (rn).min min
5% background, K (89Z):

62(1 ) = +1.6 MeV, 62(I )/6 . (xn) =
0 35

——4.6.l.6

50% background. , K (1420):

62(I') = + i0 MeV, 62(l')/6 . (rn) =
1 6

-- 6.Z5.

We note that 62(zn)/6 . (m) does not change rapidly with background (i.5 at 5%, 1.6 at 50% )mlrl

and hence conclude that it is hard to believe an error with 62/6 . & 1.4 = ~2. We chose ~2
because together with Eq. (2) it leads to the simple "realistic" result

6 (zn) & ~2 2 I' I'
2 (3)

Now contrast the error of DE BAERE 69. They were mainly interested in other questions
i&r

(do' /dt, etc. ) but quote m(K ) = 890 + 0.5 MeV. They have only Z000 events above background,
and Eq. (2) yields 5

2 0
&& 25 MeV = +0.8 MeV. The "realistic" Eq. (3) yields + i.i MeV.min

Actually, taking into account their background/signal of 4300/2000, we have encoded +1.25 MeV.

Notice the absurd. inconsistencies in the errors on the data cards for DE BAERE 69 and

DAVIS 69. We have raised the former from 0.5 to 1.25, but have no way to estimate their syste-
matic errors. The latter experiment has 5 times as many events, and 15 times better signal-to-
noise, yet DAVIS 69 are conservative, and report + 2 MeV, which we have encoded.

xr 0 Or +
We conclude that for a sensitive subtraction like m(K ) - m(K ), the experiments as listed

are useless, and. we must either re-evaluate them all or concentrate on those two experiments
that explicitly quote a mass difference. When we examine even these two experiments we still
find one impossibly small error. We have not had the manpower to work on the longer list.
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The table above also allows us to concoct a criterion for "realistic" errc". s in width, 5(I").
We average the 5% and 50% background results (to give 5(1" )/5 . (m) of 5 to 6) and express themin
result in terms of I, in the style of Eq. (3). |A"e then get the "realistic" test for widths:

6r &4-r (4)

III. EXPERIMENTS THAT REPORT MASS DIFFERENCES

0~ BARASH 67: Stopping pp ~ K& K m

r
2 (resol) = 40 MeV, i.e. , &

2 (K ) = 25 MeV.

Events in peak
Results for: Region

Above bkgd. .
NA

Bkgd. + — —-- 'From Eq. (3}.-I' .

These two experiments are summarized. in the following table:

(l) K K

(2) K K

200

430

70 +3.5

x40 +4.4

r r(resolution) = 25 MeV, i. e. , =
2 (K ).

Events in peak
Results for: Region

Above bkgd.
NA

Mass +
I'

published.
B {MeV) V A

They quote m -m = 6.3+4.1; we use 6.3+6 MeV.

~ PICENEC-i 68: i.33 GeV/c K p ~ 3 bodies

Mass
used Average

(MeV) (MeV)
a&r

(&) nK in nK ~

(2):;. ipK v
pK in'

(3) tpK,

700

340 89k +4
887+3

470

140330
i370

~ F1CENEC-& 68: Z. 7 GeV/c K p~ same reactions
Resolution same as FICENEC-1 68:

+g, 9

+2.7
+2.7

4 gq5 0 + 4 (See comments
below

888.5 +2.4
887+3

mo - rn ~ = 6.5+5

Results for:
Events in peak

Region
Above bkgd.

NA

Mass r+kgd published
B {MeV) A

Mass
used. Average

(MeV) (MeV)

(1) nK in nK "~-'-0 .

(2) ='. -. ) pK m
0

pK in ~

(3) pK m

904+4 901 0+4 See co~~ents
below

730 290 901 + i

36o +2.6890+5
892+3

270

x60
8 91.5 + 2.6

+2.3 892 + 3
mU - rn = 9.5+5

are slightly inconsistent with our Eq. (3), so

480
f570

Comments on BARASH 67: The quoted errors
we have raised the final error from 4 to 6 MeV.

Comments on FICENEC 68: FICENEC-l contains a disclaimer ' Little significance can be
attached to the mass difference ~ ~ ~ since the width of the K and. the experimental resolution are
large. " FICENEC-2 has no such warning, even though the backgrounds and. momenta are higher.
%le have decided to include both rnornenta in our aver'ages.
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Data in parentheses haec not bees included i» our aT)erages.

All the FICENEC errors are consistent with our Eq. {3) except the +i MeV on m{K ) in

FICENEC-2. This must be a mistake, so we raised it to +2 MeV, to agree rvith FICENEC-i. But
Ethen we note that X for agreement between the K masses of FICENEC-i and FICENEC-2 is

)r(o4.5, where 4.0 is expected. So we have scaled up the errors on m{K ) by another factor of 2. The

two FICENEC experiments then average to give a mass difference of 8+ 3.5 MeV. Because of in-
terference questions, we doubt that it is as- reliable as the 6.3+6 of HARSH 67, but the two are
certainly in agreement.

M MIXED-- CHARGED
H 200 (880ao)
H 895~0
M {895 ~ 0)
H 894m
H ~ ~ 0 ~

H AVG 894 9

ANO NEUTRAL ~ NOT TABULATED
ALEXANDER 62 HBC

2 ' 0 FERRO-LUZ 65 HBC
MANGLER 65 HBC

5 ~ FRENCH 67 HBC

t02 ~ 2PI-Pt03 ~ OK+P+03 ~ OPI-P
t-0 3-4 PBAR P

1 9 AVERAGE {EitROR INCLUDES SCALE FACTOR OF leo)

6/66
6/66
6/67

53 ~
49 ~

46 '
49 ~

50 '

3 ~

4a
2 ~

30
7

FR IEDMAN 69 HBC
FRIEDMAN 69 HBC
FRIEDMAN 69 HBC
FRIEDMAN 69 HBC
LIND 69 HBC

2 ~ 1 K-P (3BDY)
2~45 K-P (3BDY)
2 ' 6 K P (38DY)
2 7 K P (38DY)
9 ~ K+ P

9/69e
9/69»
9/69»
9/6 9e
9/69+

SEE TYPED NOTE
0 2 0 Pl P
0 2.3 K+P
0 2 3 PI P
0 1 ~ 2 PBAR P
0 1.2 PBAR P
0 0 PBAR P
0 2 ~ 0 K P
05 ~ OK+ P
0 3 ~ K- 0

I 3 K P (KPI+)
0 2 ~ 7 K P(K PI+)

0 4. 1 K-P
05 ~ 5K-P
04 ~ 6K-P
0 12 ~ K+ P
0 5 ' 0 K+ P

~ SEE TYPED NOTE ~

SCALE FACTOR OF i+4)

WEIGHTED AUERAGE = 893.4e ~ O. ee
ERROR SCALED BY 1.4

eeo . 890 soo 910
NEUTRAL K(892) ((ASS (r(EU)

.DE BAERE

OAUIS

KANG

SCHL(EINGR
.S C HI) E IN GR

FICENEC2
-FI CENEC1
.DE LIIT
.GEORGE
.DAUBER
.CONFORTO
.BARLO(J

-BARLOL(

KRAEtiER

COLLEY

920

69 HBC

69 HBC

68 HBC

68 HBC

68 HBC

68 HBC

68 HBC

68 OBC

67 HBC

67 HBC

67 HBC

67 HBC

67 HBC

63 HBC

62 HBC

CHISQ

7.7
0.0
1.2
5.7
0, 4

3.5
0.1
0.0
0.1
0.9
0.8
0.8
1.9
0.5

23.8
(CONLEU
=0.033)

){EUTRAL ONLY ~ BUT 'ME DONT USE THIS FOR HASS DIFF ~

H 70 897m 0 10~ 0 COLLEY 62 HBC

M 200 892 0 2 ~ 0 KRA EHER 63 HBC

M 150 {885~0) SMITH 63 HBC

M 899~ 4 ~ BARLOW 67 HBC

897 ' BARLOW 67 HBC

H 889 0 5~0 CONFORTO 67 HBC

H 894 ' 7 lo3 DAUBER 67 HBC

H 892~0 4~0 GEORGE 67 HBC

893' 3 ~ DE MIT 68 DBC

M F 895 m 4a F ICENEC1 68 HBC

F 901~ 4 ~ FICENEC2 68 HBC

M F FICENEC ERROR RAISED SEE TYPED NOTE

896~0 4 0 SCHMF INGR 68 HBC

H 903~0 4 ~ 0 SCHHE INGR 68 HBC

M 899~0 5 0 K ANG 68 HBC

M 10700 893 7 2~0 DAVIS 69 HBC

M 0 2000 890 0 1 ~ 25 OE BAERE 69 HBC

H D DE BAERE ERRORS ENLARGED BY US TO GAMMA/SQRT(N)

H ~ I ~ ~ ~ 1 0 ~

H AVG 893 48 0 ~ 88 AVERAGE (ERROR INCLUDES
l SEE IDEOGRAM BELOM )

11/66
11/66
9I67

12/66
11/67
9/69»

11/694'
11/69»

9/67
9/67
7/69»
9/694
9/6 9»

11/69»

MIXED CHARGED AND NEUTRAL ~ NOT TABULATEO20060050 ALEXANDER 62 HBC

51~8 3.5 FERRO LUZ 65 HBC

l40 ~ 0). 'HANGLER 65 HBC

60~ Ioa FRENCH 67 HBC

~ ~ ~ ~ ~ 4 4 0

54+9 ze8 AVERAGE (ERROR INCLUDESAVG

toZZPI-P
+ 0 3 ' 0 K+P
+ 0 3.0 PI- P
+-0 3-4 PBAR P

SCALE FACTOR OF 1 ~ 0)

M

W

W

; W

W

NEUTRAl. ONLY
70 60 ~ 0

200 50 ~ 0
150 (50 0)

53
34 ~

(43

58'
52 ~

50.0
48 ' 0
51 ' 0
53.0

10700 53 2
D 2000 '58 ' 0
D DE BAERE ERRORS

e e ~ o ~

AVG 51 ~ 9

1040
5 ~ 0

13'
8 ~

4o
8 ~

Ized
8 0
Boo

11~ 0
11 0

I ~ 6
5 ~ 0

ENLARGED

1 ~ 3

COLLEY 62 HBC
KRAEMER 63 HBC
SMITH 63 HBC
BARLO'H 67 HBC
BARLOM 67 HBC
CONFORTO 67 HBC
DAUBE R 6T HBC
DE HIT 68 DBC
FICENEC 68 HBC
FICENEC 68 HBC
KANG 68 HBC
SCHHE INGR 68 HBC
SCHiiE INGR 68 HBC

DAVIS 69 HBC

DE BAERE 69 HBC

BY US TO 4eGAHMA/SQRT(N)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

e SEE

2 0 Pl-P
2 ~ 3 K+P
2 3 Pl P
1 2 PBAR P
I ~ 2 PBAR P

0 ~ PBAR P
2 ~ 0 K- P

K- 0
1 3 K-P (K PI+)
2 7 K- P ( K-P I+)
4 6K- P
5 ' 5 K-P
4 ~ 1 K P
12~ K+ P
5 ' 0 K+ P
TYPED NOTE ~

AVERAGE lERROR INCLUDES SCALE FACTOR OF 1~0)

Pl
P2

18 Ke (892) PARTIAL DECAY MODES

Ke(892) INTO K Pl
Ke(892) INTO {K Pl Pl)

DECAY MASSES
493+ 139
493+ 139+ 139

Rl
Rl

18 Ke (892) BRANCHING RATIOS

Ke(892) INTO (K Pl Pl)/(K PI)
0 (0 ~ 002)OR LESS HOJCICK12 64 HBC - leT K-P

«eeeeeeee eeeeeeeee eeeeeeeee «eeeeeee» eeeeeeet» «teeeeee

REFERENCES FOR Ke(892)

ALSTON 61 PRL 6 300
ALE XANDE 62 PRL 8 447
COLLEY 62 CERN CONF 315

C HAD'H ICK 63 PL 6 309
GOLOHABE 63 ATHENS CONF 92
KRAE ME(r 63 Ai'HENS CONF 130
SMITH 63 PRL 10 138

MOJCICKl 64 PR 135 B 484
'MOJC ICK2 64 PR 135 8 495

ALSTONrALVAREZr EBERHARDrGOOOrGRAZIANOt(LRL)
ALEXANDER ~ KALBFLEISCH ~ MILLERrG SMITH (LRL)
0 COLLEYr N GELF AND + (COLUMBIA+RUTGERS)

CHAD'MI CK r CR EN NELL r DA VIE S ~ BETT IN I+ (OXF+P ADU )
SULAMITH GOLDHABER (LRL)
R KRAEMER L MAOANSKY + (JOHNS HOPKINS)
SMITHy SCHWARTl r HILLER ~ KALBFLEI SCHr HUF+(LRL)

STANLEY G MCJCICKI (LRL)
5 MOJCICKIrN A(. STONrG KALBFLEISCH (LRL)

AVG 48 98 0 92 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

6/66
6/66
6/67

11/66
11/66
9/67

1z/ee
9/69»
9/6 7
2/69»
7/69e
9/6 7
9/67
9/694
9/6 9'

11/694

ADE( MAN 65 ATHENS 527
FERRO-LU 65 NC 36 1101
FERRO-LU 65 NC 39 417
GELSEHA 65 THESIS
MANGLER 65 PR 137 8 414

STUART LEE ADELHAN {CAVENDISH)
FERRO-LUZZI s GEORGE r HENRI r JONGEJANS (CERN)
FERRO LUZZI GEORGE GOLDSCHMIDT-CLER+ (CERN)
E ~ 5 GELSEMA (SEE ALSO PL 10 341) (AHSTERD)
MANGLERrERWINrMALKER {HISCONSIN)

18 Ke(0) Ke(t ) MASS DIFF ~ (MEV)

USr SEE TYPED NOTE
BARASH 67 HBC . 0 PBAR P
FICENEC1 68 HBC 1~3 K- P
F ICENEC2 68 HBC 2 7 K- P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

D ALL
D
D 1
D 1
0
D AVG

ERRORS ENLARGED BY
330 6 3 e.o
4oo e.5 5io
600 9a5 5~0

~ ~ 4 0 0 0 0
Toe 3 ~ 0

8/67
2/69e
2/69et BARASHr K I RSCH r HILLER ~ TAN ( COLUMB I A)

+MONTANETsD-ANDLAU+ (CERN+COF+IDR +L IVERPOOL )
+BORENSTE IN+COLE+GILLE5 PIE+ ( JoitN HOPK INS )
+MAR ECHAL r MON TANET+ (CE RN+CF+ IPNtL I VERPOOL )
tSCHLE INr SL AT ERr T ICHO {UCLA)
+GOLDSCHHIDT-CLERMONTr HENRI+ (BRUX+CERN )
+KINSON+HCDONALD+RIDDIFORO+ (CERN+BIRM)
+GOLDSCHMIDT-CLERMONT+HENRI+ {CERN+BRUX)
SALLSTROMtOTTERtEKSPONG ~ (STCCKHOLM)

BARASH
BARLOM
BOHSE
CONFORTO
DAUBER
DE BAERE
FRENCH
GEORGE
SALLSTRO

67 PR
67 NC
67 PR
67 NP
67 PR
67 NC

67 NC
67 NC

67 NC

156 1399
50 A To 1

158 1298
83 469
153 1403
51 A 401
42A 442
49A 9
49A 348

18 Ke ( 892 l M(0TH {MEV)

ABLE
63 HBC
65 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
64 HBC
65 HBC
65 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
69 HBC

IS WHAT

8 ~ 0
4 ' 0
5
4i5
Bo

Ioo
10

To
9e
7

APPEARS ON MESON T
CHADWICK
FERRO LUZ
BOMSE
DE BAERE
DE BAERE
SALLSTRCH
SAL LS TROH
BARLOM
BARLOM
BARLOM
CONFORTO
MOJCI CK I 1
ADELMAN
GELSEHA
AOERHOLZ
F ICENEC
F ICENEC
SCHWE INGR
SCHME INGR
F!CENEC
F ICENEC
KANG

(6 ' 0) ERMIN

W

M

M

M'

M

W

M

W

W

M

M

W

M

M

W

W

M

W

M

W

W

CHARGED ONLY ~ THIS
46m 0
47+0
50+
56m
53m
68m
47 o.
44i '

43'
53m

(43 ' )
3870 46 0

51 0
50ao
58m
58m

41 ~ 0
47 a 0
57 0
48 ' 0
52 0

(ZT. O)

+ 1~ 5KtP
+ 3 ' 0 K+P
+ 2 3 Ktp T /67
+ 3 ~ 5 KtP (Ko PI+) 7/67
+ 3 ~ 5 K+P (K+ Pl 0) 7/67
+ 3. Kt P (Ko PI+) 7/67
+ 3 ~ K+ P (K+ PIO) 7/67
+ 1,Z PBAR P 11/66
+- 1 ~ 2 P BAR P 11/66
+- 1 2 PBAft P 11/66
+. 0 ~ PBAR P 9/6T

1 7 K P
1 ~ 5 K-P else
1 ~ 5 K P
10 K- P 6/68

3 K-P {K-Plo) 9/67
1.3 K-P (KOP I-) 9/67
4 1K-P 9/67
5 5 K-P 9/67
2 7 K- P(K-PI 0) 2/69e
2 ~ 7 K- P(KOP I-) 2/69»
4 ~ 6 K P 7/69III

+ 3 5 K+ P 9/694

ADERHOLZ
DE HIT
F ICENEC 1
F ICE NEC2
KANG
SCHME ING

+DEUTSCHMANN+ (AACH+BERL+CERN+I ~ C ~ +VIENNA)

5 DE HIT {AMSTERDAM)
+HULSIZER+SMANSCN+TROHER (URBANA)

FICENECr GOROONr TROWER ( ILL INO I 5 )

Y M KANG ( IOMA)
SCHWEINGRUBERrDERR ICK r FIELDS r AMMAR+l ANL+NM)

68 NP 8 5 567
68 THESIS
68 PR 169 1034
68 PR 175 1725
68 PR (76 1587
68 PR 166 1317

tKARSHONs LA I r ONEALLr SCARR {BNL)
+DERENZO FLATTE ALSTON LYNCH SOLHITZ (LRL)
+GOLDSCHMIDT CLERMONT r HENR I r + ( 8ELG+CERN )
+HALKERrGOSHAMrHEINBERG (HISC+PRIN+VANO)
J ~ FRIEDMANr PHaoa THESIS (LRL)
+ALEXANDER FIRESTONE FU GOLDHABER (LRL )

69 PRL 22 487
69 PRL 23 1071
69 NC 61 A 397
69 NP 8 9 364
69 UCRL-18860
69 UCRL 19284

CRENNELL
OAV I 5
DE BAERE
ERW IN
FRIED)rAN
L IND

3+0
3oo

15 0
7 ~

16
13m

8+0
4+0

13 0
900
8 ~ 0

(8 0)
See the i((ustrated key preceding the data card listings.
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MESON RESONANCES
Data in pa ren theses have not been inclN ded in ofer averages.

Ktr (1080—Ip 60) DODD 69

OMITTED FROM TABLE

50—

Note on KN(1080-1260)

From a study of K p ~ KmE, TRIPPE++

68 find that. the I = i/2 8-wave phase shift in-
creases smoothly from threshold and reaches
about 90 deg in the region 1100-1200 MeV. If
interpreted as a resonance the width is about

400 MeV. However, there is no convincing

evidence that the S-wave phase shift continues

past 90 deg above 1100-1200 GeV (SCHLEIN

69).

By compiling 500 events K p ~ K m p
+

1
produced between 3 and 3.5 GeV/c, DODD 69
see an excess of Km events at 1080 MeV and a
4.6-standard deviation peak at 1260 MeV with
I' = 70 MeV; however, CRENNELL 69 have
3000 K n~ Kirr n produced at 3.9 GeV/c and

see a.5-standard deviation peak in between, at
M = 1160, I = 90. These effects tend to can-

I
w50—

100—

0
600 1000 1400

M(Kst) (NEv)

C~ 69

K «~K

DODD + CRENNELL 69

1800 2200

cel, as shown in the separate and combined

histograms below. Can one reasonably com-
pare these two histograms, for which both the

OE 8AERE 67 NC 51 A 401
TRIPPE 68 PL 28 8 203
CRENNELL 69 PRL 22 487
0000 69 PR 177 1994
SCHLE IN 69 UCLA 1040

REFERENCES FOR KN(1080-1260)

+DEBAISIEUX EGOLDSCHMIDT CLERM ~ + (CERN+RRUX)
+CHIENEMALAMUOEMELLFMAESCHLEIN ~ + (UCLA)
+KARSHONELAIG 0 ~ NEA( LrSCARR (8NL)
+JOLDERSMAE PALMERE SAMIOS (RNL)
P ~ SCHLE IN (UCLA)

energies and the reactions are somewhat dif-
ferent? If the two spectra had been similar,
one would take them to be positive evidence
for resonances. To this extent, then, it is
always reasonable to compare similar spectra,
and to be slightly discouraged if they are dis-
imilar. Further, if DODD 69 base their claim
on agreement between spectra at 3.0 and 3.5

GeV, one might hope for agreement between
3.5 and 3.9.

The other difference between these ex-
periments is that one is K p~ m p K, the+ 0

—0other K n ~ m n K . Their t-channel dia-

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹3¹¹¹¹¹¹e¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹'¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

24 KA 3/2 (1175E'JP= ) I s 3/2

3 / 3 ( ) EVI CENCE NOT Ctt FELLING, OMITTEO FRtlM TABI. E,
B FOR A DISCUSSION SEE ROSENFELO 68

REFERENCES FOR KA3/2( 1175)

WANGLER 64 Pl 9 71 7 o WAINGLER TA R ERMINE M 0 WALKER (WI SCONS)
III ILLER 65 PL 15 74 IEILLER ~ KOVACSE&CILMAINE PALFREY + (PURDUE)
ROSENFEL 68 PROC ~ PHILA ~ CONF ON MES()N SPECTROSCOPY ~ P ~ 455 ~ UCRL 18266
DODD 69 PR 177 1991 +JOLDERSMA PALMER SAMIOS (8NL)

¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

25 KA3/2( 1265E JP= ) 1=3/2

A, l = 3/3 (1~8 ) EVIOENCE NOT CO'tFELLING OIIITTEO FROM TABLE.
FOR 4 iDISCUSSION SEE ROSENFELO 68

REFERENCES FOR K¹3/2 ( 1265)

FRENCH 67 NC 52A 44? &K INSON+&CDONALD+RIODI FORD+ (CERN+8IRM)
ROSENFEL 68 PROC ~ PHILA ~ CONF ON RIESON SPECTROSCOPY ~ P ~ 455 ~ UCRL 18266

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹ ¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹II¹¹¹¹¹¹
¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Q REGION, Ktrtr(1800 —1350)

grams are sketched above each histogram.
The two upper vertices are charge conjugate
(hence similar), but the first experiment is
subject to a K p final-state interference, the0

—0second to a different K n interference. These

THERE EXIST MANY PAPERS REPORTING A BROAD I=1/2 (K PI PI ) ENHANCEMENT
IN THE MASS REGION 1200-1350 MEV ~ IT I S PROBABLY DUE TO SCA(E

COM8INATION OF DECK EFFECT AND ONER TMOB OR THREE REAL RESCNANCESG
FOR CONVENIENCE OF PRESENTAT ION WE HAVE GROUPED THE IATA UNDER THE NAM

OF THREE PARTICLES AND ONE PSEUDO-PARTI CLEE RESPECT IVFLY K bi 1240) E

KA(1280) E KA(1320) E ANO KA(1200-1350) ~ UNDER THE LAST CAT EGCRY WE

HAVE L I S TED ALL EXPERIMENTS THAT REPORT A RROAD PEAK E WITH A 'WIDTH

GREATER THAN 100 ME V ~

could perhaps explain a difference in the spec-
tr a.

See the illustrated key preceding the data card listings.
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MESON RESONANCES

Data in parentheses have not been I'ncluded in our averages.

Z (Iaao-138O)A4
WEIGHTED AVERAGE = 86.6 + 25.4

ERROR SCALED BV 2.4

28 KA( 1200-1350) MASS (MEV)

M 200 1280 ~

M 8 BE RL INGH
M PEAKS AT

8
M (1270.)

A ( 1325 0)
A ALREADY

M 1335 ' 0
M (1300 ' )
M

M AVG 1330 5

20 '
IER I VALU

L320r AN

APPROX ~

(6 0)
INCLUDED

6 ' 0
APPROX

~ ~ ~ ~ ~

15 ~ I

RERLIhGHI 67 HBC
E IS FROM (Kt Pf) MODE THE

EFFECT THAT THEY ATTRIBUT
NFAR {K

DE BAERE 67 HBC
AARTSCH 68 HBC

IN K NPI SAMPLE BELOW
BARTSCH 68 HBC
BARBARO 69 HRC

+ 127K+P
(K RHO) MASS
TO K INEMAT IC5

RHO) THRESHOLD'
t 3 ' 5 K+ P

10 ~ K-PrK 2PI

10 ~ K-PrK NPf
+ 12 K+ P (K 2PI)

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ' 6)

7/67

7/67
9/69i'

9/69¹
9/69i'

W x 200
W

A

W A

W

W

'W AVG

28 KA( 1200 1350) WIDTH ( ME V)

130~ 15~ BERLfhGHI 67 HBC

( 200 ~ ) APPROX ~ OE BAERE 67 HBC
( L86 0) (15 0) BAR75CH 68 HBC

SEE NOTE UNDER MASS AROVE
196' 0 16' 0 RARTSCH 68 HBC

(750 ' ) APPROX' RARBARO 69 HBC
~ ~ ~ ~ ~ ~ ~

160' 9 32 ' 9 AVERAGE (ERRCR INCLUDES

+ 12 ~ 7 K+ P 7/67
+ 3 ~ 5 K+ P ~

' 7/67
10 K- P ~ K 2 PI 9/69¹

1 0 ~ K P ~ K NP I 9/69i'
+ 12~K+ P {K 2PI) 9/69¹

SCALE FACTOR CF 3 ' 0)
0 SO 100 1SD

KMA (1240) WIDTH (I1EU)

TIER 69. HBC

LOHABER 67 HBC'
SSOf{PIE 6/ HBC

200

CHISQ
6.4

3.3
1.B

11.S
(CONLEU
=0.003)

-28 KAtl200-1350) PARTIAL DECAY MODES

20 KA t 1240) PARTI AL DECAY MODES

Pl
P2
P3
P4
P5
p6

KA(1200-1350)
KA( 1200-1350 )

K A {1200- 1350 )
KAt 1200-1350)
KA( L200-1350)
KA(. 1200- 1350)

INTO Kt(890) PI
INTO K RHO
fNTO K PI
INTO K ETA
INTO K OMEGA
INTO K PI PI

DECAY MASSES
493¹ 139+ 139
493+ 139+ 139
493¹ 139+ 139
493+ 139+ 139
493+ 139+ 139
497+ 139+ 139

Pl KA INTO K RHO

P2 ' KA INTO Kt PI
P3 KA INTO K Pf Pf

DECAY MASSES
493+ 7 65
892+ 139
497+ 139+ 139

P2
R2

KA{1200-1350) INTO (K PI) / TOTAL
(0.02) OR LESS BERLINGHI 67 HBC + 12 ~ 7 K+ P
(0 ~ 02) OR LESS r C ~ L ~ = ~ 95 ABCLV CCL 68 HBC - 10~ 0 K- P

28 KA(1200-1350) BRANCHING RATIOS

RL KA ( 1200-1350 ) INTO K¹( 890) P I ANC K RHO (CVER LAPP ING BANDS )
Rl 200 (1 ' 0) RERLINGHI 67 HBC + 12 ' 7 K + P 7/67

1 1/67
9/6 8

20 KA (1240) BRANCHING RATIOS

Rl
Rl

R2
R2

KA( 1240 ) INTO (K R HO) /TOTAL
75 ' 0 10~ 0

K A(1240 ) INTO (Kt P I )/TOTAL
25 ' 0 10' 0

(UNITS OF 10¹t-2)
ARMENTERC 64 HBC

( UNITS OF 10¹¹-2)
ARMENTERO 64 HBC

0 ~ 0 PBAR P

0 ~ 0 P BAR P

ttt¹ti t¹tittttt tti ttttet tttttttt¹ tttt¹i ttt ti tttttt¹ ttt¹ttt¹t tttttttt
REFERENCES FOR KA t 1240)

6/66

6/66

R3
R3

R '5

R5
R5

R6
R6

KA(1200-1350) INTO (K FTA) / TOTAL
(0 02) OR LFSS BERL INGHI 67 HBC + 12 ~ 7 K+ P

KA( 1200-1350 ) INTO (K OMEGA ) / TOTAL
(0 02) OR LESS RERLINGHI 67 HBC + 12 7 K+ P

12 t0 ~ 01) (0 00'5) ABCLV CCL 68 HBC — 10 0 K- P

KA( 1200 1350) INTO (K RHO) / (Kt (890) PI )
0 91 0~25 BERLINGHI 67 HRC ¹ 12 ~ 7 K+ P

701 (0 4) (0 1) ABCLV CCL 68 HBC - 10~ 0 K- P

KA(1200-1350) INTO (K PI) / (Kt(890) PI)
(0~21) OR LESS DE BAERE 67 HBC + 3a5 K+ P

11/67

11/67
9/68

11/67
9/68

I 1/66

ARMENT¹R

ALSO
ALSO

BASSOMPI
GOLDHABE

64 DUBNA CONF 1 577 AR &ENTEROS EDWARDS C-ANDLAU + ( CERN+CQF )
SEE ALSO PL 9r 207

QUBNA CCNF I 617 R ARMENTEROS (RAPPORTEUR )
66 PR 145 1095 BARASH, KIRSCHrMILLERr TAN (COLUMBIA)
67 PL 268 30 BA55OMP IERR 8 r GOLDSCHMIDT+ ( CERN+BRUX¹8 I RM) I JP
67 PRL 19 972 G ~ GOLOHA8ER r F I RE ST ChE t SHEN (LRL )

ALE XAhDE 69 UCPL-18872
ASTIER 69 NP 8 10 65
RETT INI 69 NC 62 A 1038

G ~ ALEXANDER r F IRESTONE ~ GOLDHABER r+ (LRL )
t&ARECHALrMCNTANET, + (CDEF+CERN¹IPNP¹L IVP ) IJP
+CRE ST I r L IMENTANI r BERTAULA BIG I+ (PADO+P

ISA�)

I

tti ttt t¹t¹itt¹tt¹t¹itiitit¹tttttt ¹ttttttti itttttttt tttiittt¹ t¹t¹tttt¹t¹'tttttttttttt tet tttttt ttttt¹ttt tttttt ttt ¹tttttttt
R7 KA( I.200-1350) INTO (K PI PI ) / TCTAL
R7 701 (0 22) (0 F 08) ABCLV COL 68 HRC - 10~ 0 K- P

ttttti «tttttitt ¹ttttt¹tt ittttitti ttttttttt tttttttit ittttttft tttttttt

BERL INGH 67 PRL 18 1087
DE BAERE 67 NC 49A 374

AND PR IVATE COMMUNICATION
BARTSCH 68 Np 88 9
BOMSE 68 PRL 20 1519
DENEGRI 68 PRL 70 1194
ANDREWS

' 69 PPL 22 73L
BARBARO 69 PRL 22 1207
COLLEY 69 NC A 59 519

REF ERENCE5 FOR KA t 1200-1350)

BERL INGHIER I+FARBFR+FERREL+FCRMAN+ (ROCH) I JP
+DE BA IS I EUX+FAST+F IL I PPAS+ (CERN+BRUX)

BY B. JCNGEJANS
+COCCON Ir + t A ACH+BERL+CERN+LCI C+ (HA W )
+Br)R ENSTE IN ~ CAL LAHAN COLE COX + ( JOHNHOPK )
+CALLAHAN+ETTLINGER+GILLESPIE+ {JCHNHOPK)
+LACHr LUDLAMr SANOWE I SSrBERGERr+ {YALE+LRL)
BARBARC-GALTIERI DAVIS ~ FLATTEr+ (LRL )
+EASTWOOD ~ ¹ (BIRM+GLAS+LOIC+MPIM+OXF+RHEL )

1+
1+

K ~~a4o~ ""'"'"'"' '

NAMED C BY AST)ER 69. JP=l+ STRONG(. Y FAVOREDe

pp C 0- AND 2- (P-WAVE DECAY) ARE EXCLUDEO (ASTIER 69) ~-

SEC NOTE PRECEDING KA(1200-1350)

¹¹tttttttt¹tet¹ttttt¹¹¹t¹tttt¹ttt ttttet tet tt'¹ttttt¹ tttt ttti t ti tet tet¹¹ttttttttttttt tttt¹¹¹ttt¹ttt¹ttt ttttttt¹t ¹t¹¹tttt¹ttttttt¹t tttt¹ttt

9/68

K„(1380)

M

M

M

M

4I

M AVG

(1280~ 0
35 1280 0
45(1300 ' )

1250~ 0
45 1301.0
21 1300 ' 0

1281
~ ~ ~

1282 2

26 KA(1280r JP& ) 1~1/2

SOME CF THE PEAKS LISTED MAY BE BETTER ASSCCIATED WITH
EITHER THE KA{ 1240) OR THE KA(1320) ~

SEE NCTE PPECEDING KA(1200-1350)

26 KA(1280) MASS tMEV)

+ 0 4 6 K+Pr5 r)OOY
+ 5 K+ P

0 6 PI- P
9 ' 0 Kt P

+ 3 ' 5 K+P{I{t Pf)
0 3 5 K+P(K¹ PI )

2 ~ br 2 7 K- P

SCALE FACTOR OF 2 ' 1)

)
10 ~ 0

SHEN 66 HRC
BASSCMPIE 67 HRC
CRENNELL 67 HBC
GCLDHABER 67 HBC
BISHOP 69 HBC
ERr(IN 69 HBC
FRIEDMAN 69 HBC

AVERAGE lERRCR INCLUDES
E IDE(IGRAM BELOW )

10 ~ 0
LOBED

10 ' 0
7 ~

8 4
(SE

26 KA( 1280) WIDTH (MEV )

11/6 7
11/67
7/6 7

10/6 7
9/69¹'
9/69¹
9/69¹

M

M

M A

M

AVG
~ 0 ~ ~ ~

1243 ' 0
~ ~ 0 ~

6 ' 3 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF I'D)

20 KA ( 1240) MASS (MEV)

1230 ~ 0 1 5 ~ 0 BA550MPIE 67 HBC + 5 ~ K+ P
1250 ~ 0 10~ 0 GOLDHABER 67 HBC 9.0 K+ P
1242 0 9 ~ 0 10 0 ASTIER 69 HRC 0 PBAR P
ERRORS OF ASTIER 69 ARE STATI5TICAL TRUE UNCERTAINTY I 5 LARGER

11/67
10/6 7
9/69¹

W

'W

W

'W

W

W

W

W AVG

100 0
35 80 0
45 (60 ~ )

50 ~ 0
45 40 0
21 40 ~ 0

51
~ ~ ~

52

20 ~ 0
20~0

20 0
10 ~ 0
15~ 0
22 '

~ ~ 4 ~

9.0
(SE

SHE N 66 H BC

BASSOMPIE 67 HBC
CRENNELL 67 HBC
GOLDHABER 67 HBC
BISHOP 69 HBC
ERW IN 69 HBC
FRIEDMAN 69 HBC

AVERAGE (ERRCR INCLUDES
E IDEOGRAM BELOW )

+ 0 4 ~ 6 K+Pr5 BODY
+ 5 ~ K+ P

0 6 PI- P
9 ~ 0 K+ P

+ 3 5 K+P(K¹ Pf )
0 3a5 K+P(K¹ P f )

2obr2 ~ 7 K P

SCALE FACTOR OF 1.4)

1 I/67
11/67
7/6 7

10/6 7
9/69¹
9/69¹
9/69¹

W

W

W A

W

W AVG

60 ' 0
50 0

127 0
E RRDR 5 QF
~ ~ ~ ~ 0

86 ' 6

20 KA ( 1240) WIDTH ( ME V)

20 0 BASSOPPIE 67 HBC + 5 ~ K+ P
20 0 GCLDH ABER 67 HBC 9 0 K+ P

7 0 25 0 ASTIER 69 HRC 0 PBAR P
AST IFR 69 ARE STATISTICAL ~ TRUF. UNCERTAINTY I 5 LARGER
~ 0 ~ ~

25.4 AVERAGE tFRRCR INCLUDES SCALE FACTOR OF 2.4)
{SEE IDEOGRAM BELOW )

11/67 pl
10/67 P29/69¹ p3

P4
P5

26 KA (1280) PARTIAL DECAY MODES

KA INTO Kt(890) PI
KA INTO K RHO
K* INTO K OMEGA
KA IhlTO K Pl
KA INTO K ETA

DECAY MASSES
892+ 139
497+ 765
497+ 783
493+ 139
493+ 548

Rl
Rl

26 KA ( 1280) BRANCHING RATIOS

KA(1280) INTO (K PI ) / tK¹(890) Pl )
(0~ 8) OR LESS SHE N 66 HBC 4 ~ 6 Ktp ~ 5 BODY 11/67

Bee the iilustrated key preceding the data card listings.



PARTxcLE DATA GRovp Review of Particle Properties

Data in parentheses have not been included in our averages.

MESON RESONANCES

WEIGHTEO AVERAGE = 1282.2 + S ~ 4
ERROR SCALED BY 2.1 WEIGHTED AUERAGE = 1320 ~ 2 A 10 ~ 1

ERROR SCALED BY 2.2

1220 1260 1300
KNA (12BO) MASS (MEV)

EOMAN 69 HBC
IN 69 HBC
HOP 69 HBC
DHABER 67 HBC
SOMPIE 67 HBC

1340

C HIS Q

0 ~ 0
3 ~ 2
3 ~ 5

10.3
0 ~ 0

17 ' 1
(CONLEV
=0.002)

~ ERWIN
~ BISHOP.GOLOHABER
~ BASSOMPIE
~ SHEN.ALMEIDA

1260 1300 1340 1380 1420
KA (1320) MASS (MEV)

69 HBC
69 HBC
67 HBC

67 HBC
66 HBC

65 HBC

CHISQ
.4.1
3.7

15.8
0.0
0 ~ 0
0 ~ 0

23.6
(CONLEU
=0 F 000)

WEIGHTED AUERAGE = 52.4 & 9.0
ERROR SCALED BY 1.4 )t

W 7
W

W

W

W

W

W

W

'W AVG

12 60 ~ 0
0 80 ~ 0

1 00 ~ 0
60'eD

5 {60' )
80 ~ 0

45 40 ' 0
21 40 ' 0

» ~ »»
56 ' 7

21 KA (1320) WIDTH lPEV)

20 ~ 0
20 ~ 0
20 ' 0
20 ~ 0

20 ~ 0
10~ 0
15~ 0

~ ~ ~ ~ »
8 ~ 4
{SEE

ALME IOA
SHE N

SHF. N

RAS SOrvP IE
C RE NNELL
GOLDHABER
BISHOP
E RW IN

65 HBC
66 HBC
66 HRC
67 HBC
67 HBC
67 HBC
69 HBC
69 HRC

+ 3 5 Ktp
+ 4»6 K+P
+ 0 4 ' 6 K+Pr5 BODY
+ 5 ~ K+ P

0 6 PI- P
9 ' 0 K+ P

+ 3 5 K+P(Ke PI)
0 3»5 K+P{Ke Pl)

AVERAGE {ERROR IhiCLUDES SCALE FACTOR OF 1»4)
IDEOGRAM BELOW )

8/66
8/66

11/67
11/67

7/67
10/67
9/6 9er
9/69er

FRIEDMAN
~ ERWIN

BISHOP. ~ .GOLDHABER
~ ~ ~ BASSOMPIE

SHEN

0 40 BO 120 160
KA (12BO) WIDTH (MEV)

69 HBC

69 HBC
69 HBC
67 HBC
67 HBC
66 HBC

200

CHISQ
0 ~ 0
0»7
1.5
0 ~ 0
1.9
5 ~ ?
9.B

( CONL EU
=O.OB1)

SHEN 66 PRL 17 726
BASSO)rnl 67 PL 268 30
CRENNELL 67 PRL 19 44
GOLOHABE 67 PRL 19 972

ALEXAhDE 69 UCRL 18872
BISHOP 69 hlP 8 9 403
ERWIN 69 NP 8 9 364
FRIEOMAN 69 UCRL-18860

REFERENCES FOR KA(1280)

+RUTTERWDRTH FU GOLDHABERS TRILLING (LRL)
BASSOMPIERREyGOLOSCHMIDT+ (CERNsBRUX+BIRM) IJP
+KALBFLEISCHr LA I y SCARR rSCHUMANN (BNL)l
G»GOLDHABER ~ F IRCSTONErSHEN (LRL)

G»ALEXANOERsF IRESTONEyGOLDHABERy+ (LRL)
+GO SHA W ~ ER W IN y WA LKE R (WISC }
+WALKER ~ GOSHA h y hEINBERG {WISC+PR Ihl+VAND )
J FR IEDMAN PH ~ 0 ~ THESIS {LRL)

eseeee eeeeeeaee eeeeeeeee «eeeeeaae eeeeeeeee e+eeaeeee «eeeseee» eeeeeee»
aeeeeaeee aeeeeeae» steeeee+ee eaeeeeaee eeeeeeee» eeeeeaste» eeeeesa»

WEIGHTED AVERAGE = 56 ~ 7 + 8 ~ 4
ERROR SCALED BY 1.4

~ ~ ~ ~ . .ERWIN
~ ~ ~ ~ ~ .BISHOP

l GOLDHABER
~ . ~ .BASSOMPIE

~ ~ .SHEN
EN

MEIOA

69 HBC
69 HBC
67 HBC

67 HBC
66 HBC
66 HBC
65 HBC

21 KA l1320) &ARTIAL DECAY MODES

0 40 BO 120 160 200
KA (1320) WIDTH (MEU)

CHISQ
1.2
2.8
1.4
0.0
4.7
1.4
0 ~ 0

11.5
(CONLEV
=0.0?5)

21 KA (1320' JP~ ) I~I/2

$3/0 SOME OF THE PEAKS LISTED MAY BE BETTER ASSOCIATED hlTH
THE KA(1280) ~

SEE NOTE PRECEDING KA{1200-1350)
t JP 1+ FAVORED)

P2
P3
P4
P5

P1

ltA INTO K RHO
KA INTO K OMEGA
KA INTO K PI
KA INTO K ETA

KA INTO Ke(890) PI

21 KA ( 1320) BRAh'CHING RATIOS

497+ 765
497+ 783
493+ 139
493+ 548

DECAY MASSES
892+ 139

21 KA t 1320) MASS ( MEV) Rl e KA INTO Ke(890) PI ANO K RHO {OVERLAoPING BANDS)
70 {1 0) SHEN 66 HBC + 4 6 K+P 8/66

N
M

M

M

M

M

AVG

12 1320»0
70 132000

{1280»0)
1320»0

45l 1300» I
1360»0

45 1301 0
21 1300» 0

~ »» ~
1320' 2

25 0
)0 ~ (r

15»0

10' 0
10»0
10~ 0

» ~ »» ~
10~ 1
{SEE

ALME IDA
SHEN
SHEN
8 ASSOMP I E
CREIQNELL
GOLOHABER
R ISHOP
ERWIN

65 HRC
66 HBC
66 HBC
67 HBC
67 HBC
67 HRC
69 HBC
69 HBC

+ 3 5K+ P+4 ~ 6K+P
+ 0 4 ~ 6 K+P r5 BODY
+ 5 ~ K+ P

06 Pl P
9 ' 0 K+ P

+ 3 ~ 5 K+P(Ke Pl)
0 3 ~ 5 K+P(Ke PI)

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 2 ~ 2)
IDEOGRAlt BELOW )

8/66
8/6 6

11/67
11/67
7/67

10/67
9/69e
9/69e

R2
R2

R9
R9

R10
R10

KA INTO{K OMEGA)/(Ke{890) Pl)
l 0 ~ 1) OR L'E SS SHE hl 66 HBC + 4.6 K+P

KA (1320) INTO (K PI) / {Ke{890) PI)
{0~ 301 OR LESS SHEN 66 HRC + 4 ' 6 K+P

KA {1320) INTO tK+ Pl ) / tK+0 PIG+ PI-)
{0~ 2) OR LESS {CL ~ 90) CRENNELL 67 HBC 0 6 ~ 0 Pl P

KA {1320) INTO tKO Pl+ Pl- PIO) / (K+0 P(0+ PI-)
l0 1) OR LESS (CL 90) CRENNELL 67 HBC 0 6 ~ 0 Pl P

eee+eeeee «eeeeeeee

10/66

10/66

7/67

7/67

See the illustrated key preceding the data card listings.
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MESON RESONANCES
Data in parentheses have not been included in our averages.

ALMEI CA

SHEN
ALSO

BASSOMPI
CRENNELL
GOLDHABE

REFERENCES FOR KA(1320)

65 PL 16 184 ALME IDA ATHER TON ~ 8 YER DORNAN FOR SON+ (CAMBR )
66 PR(. 17 726 +BUTTER WORT Ht FU t GOL OHA BERS t TRILL ING i LRL)
66 (PR IVATE COMMUN)GFRSON GOLDHABER (LRL)
67 PL 268 30 BASSOMP IERREt GOLDSCHMIDT+ (CERN+BRUX+8 IRM) I JP
67 PRL 19 44 +KALBFLEISCH ~ L4lt SCARRt SCHUMANN ( BNL) I
67 PRL 19 ' 972 GoGOLDHABERtF IRESTONEtSHEN (LRL)

WEIGHTED AVERASE = 1408.0 + 3.7
ERROR SCALED BY 1.3

ALEXAhDE 69 UCRL-18872
ASTIER 69 NP 8 10 65
BISHOP 69 NP 8 9 403
ERWIN 69 NP 8 9 364

G ~ ALEXANDER, FIRESTONE, GOLDHABER, t (LR(. )
+MARECHAL ~ MON TANET ~ + (CDEF+CERN+IPNP+LIVP) I JP
+GOSHAWtERWINtWALKER (WISC)
+WALKFR tGOSHAW ~ WEINBERG (WISC+PRIN+VAND)

22 Kh (1420t JP=2+) I=1/2
K 1420

JP = 3- IS UNL IKELY BUT NOT YET COMPLETELY RULED OUT ~

M CHARGED

M

M

M 20

M

M 8 125
M 8 240

M

AVG

0NL Y
1400 ' 0
1427 '
1440
1423%
1440 ' 0
1401%0
1427 0
1396'
1396'
1425 ' 0
1416' 0
1411
1414%
~ ~ ~

1409' 0

20%0
15' 0
24%0
21%
20 ' 0
8.0
9 ' 0
9%
6 ~

15%0
10' 0

7%
ll

40 ~

BAO I E„R
OE BA ERE
DE BA ERE
ADERHOI. Z

OUBAI.
SCHWE INGR
SCHWE INGR
8AS SO )tP I E
BASSO)tP IE
8 I SHOP
CR E NNEL L
FR I EDMAN
LIND

65 HBC
67 HBC
67 HBC
68 HBC
68 MMS
68 HBC
68 HBC
69 HBC
69 HBC
69 HBC
69 OBC
69 HBC
69 HBC

3% K- P (KePI)
+ 3%5 K+P (KO Pi+)
+ 3 ' 5 K+P (K+ PI0)

10 K- P (K Pl)
ll ~ 5K P
4%1 K- P (K PI)
5 5 K- P (K PI)

+ 5 K+P (K P I)
+ 5 K+P (K 2PI )+3~ 5K+ P

3 ~ 9 K-N (KOPI )
2 ~ 7 K-P (K 2PI)

+ 9~ K+ P

3 ~ 7
(SE

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~ 3)
E IDEOGRAM BELOW )

22 KN( l420) MASS (MEV)

s( FOR DIFFICULTIES IN, MEASURING MASS DIFFERENCE SEE TYPED NOTE UNDER K»

10/66
10/66
10/66
6/68
6/68
9/67
9/67

11/69e
11/694
9/6 9st
7/694
9/69IIC
9/69e

LIND
FRIEDMAH

- .CRENNELL. .BISHOP
.BASSOf1PIE
.BASSOf1PIE

~ .SCHWEIHSR
SCHWEIHSR
DUBAL. .ADERHOLZ

DE BAERE
BAERE

DIER

68 HBC
68 HBC
68 DBC
68 HBC
68 HBC

6g HBC
68 HBC

68 HBC

68 Mf1S

68 HBC

67 HBC
67 HBC

65 HBC

1360 1400 1440 1480 1520
CHARGED KN (1420) t1ASS (MEV)

CHISQ
0.2
0 ~ 1
0.5
1.1
4.7
2.1
4.0
1.0
2.4
0 ~ 4

1.4
0 ~ 2

18.2
(CONLEV
=0.077)

C)A

M

M

M AVG

RGED ANO NEUTRAL
1404 ' 0 15 0
1390 0 30 0
1430 ' 0 10' 0
1423%0 7 ' 0
1420%0 10' 0

1421%2 ' 4%7

FOCARDI 65 HBC -0 3 K- P (K PI )
SHEN 66 HBC + 0 4 6 K+ P (K PI)
SHEN 66 HBC + 0 4. 6 K+ P (Kept)
BASSANO 67 HBC -0 4 ~ br 5 0 K- P
GOLDH ABER 67 HBC 9 0 K+ P (K 2P I )

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

10/66
10/66
10/66
10/67
10/67

WEIGHTED AVERAGE = 1422.7 4 3.8
ERROR SCALED BY 1.7

NEUTRAL ONLY
M (1440 )
M 1446 0
M 1425 ~ 0
M 1405~ 0
M 1397 0
M 8 420 1422
'M 8 BASSOMP% ERRORS
M 2200 1421 1
M r % r r

A VG 1422 ~ 7

0 6 P I- P (K 2PI )
0 4 PI- P (KPI)
0 4 ' 6 K- P
04 ~ 1KP(K PI)
05 ~ 5K-P(K PI)
0 5 K+P (K PI )

~ SEE Ke TYPED NOTE%
0 12 K+ P(K+PI-)

SCALE FACTOR OF 1 ~ 7)

22 KN(1420) WIDTH (MEV)

CHARGED ONLY
105 ~ 0
90 0

175~

125 123
240 110

110~ 0
43%

107

W

W

W

W

B
W 8
W

W AVG
~ % ~
83 ~ 7

65 HBC
67 HBC
68 HBC
69 HBC
69 HBC
69 HBC
69 HBC
69 HBC

BAD IE R
DE BA ERE
ADF. RHO(. Z
BASSO)tPIE
BA S SOMP IE
BISHOP
FRI EDMAN
LIND

30 0
' 28%0

57%
35%
25
25 ~ 0
13%
19

12 ~ 9 AVERAGE (ERR CR INCLUDES
(SEE IDEOGRAM BELOW )

3 0 K-P
+ 3 5 K+ P

10 K- P (K PI)
+ 5 K+P (K P I)
+ 5 K+P (K 2PI )
+ 3 5K+ P

2 ~ 7 K-P (K 2PI )
+ 9 ~ K+ P

SCALE FACTOR 0& 1 6)

CRENNELL 6T HBC
7 9 DAHL 67 HBC

15' 0 KANG 68 HBC
18' 0 SCHWEINGR 68 HBC
19%0 SCHWE INGR 68 HBC

5 BASSOMPIE 69 HBC
ENLARGED BY US TO GAMMA/SQRT(N)

2 6 DAVIS 69 HBC

3 ' 8 AVERAGE (ERROR INCLUDES
(SEE IDEOGRAM BELOW )

7/67
10/66
7/6 94(
9/67
9/67

11/69»
11/694
9/69e

6/66
10/66
6/68

11/694
11/694
9/69»
9/69a
9/69+

DAVIS
BASSOt1PIE
SCHWEINSR
SCHWEIHSR
.KANS

'DAHL

69 HBC
68 HBC
68 HBC
68 HBC

68 HBC
67 HBC

15201360 1400 1440 1480
NEUTRAL KN (1420) MASS (tlEV)

CHISQ
0.4
0.0

o.o
8.7
8 ~ 1

(COHLEU
"-0 ' 028)

RGED AND NEUTR
92 0
75 ' 0
65 ~ 0
80 ~ 0

107 0
~ % ~

85 9

W CVA

W

W

W

W
'W AVG

W NEUTRAL ONLY
W 61 0
W 116 0
W 8 420 110%
'W 8 BASSOMP% ERRORS
W 2200 101
W

W AVG 101~ 2

AL
14 0
25 ' 0
20%0
20 0
20 0

8 ' 4

24%0
17 0
21%

ENLARGED
10%

8 ' 4

FOCARDI 65 HBC -0 3~ 0 K- P (K PI )
SHEN 66 HBC + 04 ~ 6 K+ P
BASSANO 67 HBC 0 4 ~ 6t 5 0 K P
GOLOHABER 67 HBC 9%0 K+ P(K 2PI)
SCHWE INGR 68 H BC -0 4. 1+5 5 K-P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

DAHL 67 HBC 0 3 ~ 8 t 2 PI P
KANG 68 HBC 0 F 6 K- P

BASSOMPIE 69 HBC 0 5 K+P (K PI)
BY US TO 4&GAMMA/SORT(N) SEE Ke TYPED NOTE

DAVIS 69 HBC 0 12 K+ P (K PI)

AVERAGE (ERROR INCLUI)ES SCALE FACTOR OF lail

8/66
10/67
10/67
9/67

9/6 6
7/694'

11/69st
11/694
9/69e

WEIGHTED AVERAGE = 83.7 4 12.8
ERROR SCALED BY 1.6

Pl
P2
P3
P4
P5

Rl
Rl R
Rl R

Rl R
Rl R
Rl
Rl FIT

22 KN (1420) PARTIAL DECAY MODES

KN( 1420) INTO K PI
KN(1420) INTO Ke(890) PI
KN(1420) INTC K RHO

KN( 1 t20) INTO K OMEGA
KN()420) INTO K ETA

DECAY MASSES
493+ 139
892+ 139
493+ 765
493+ 783
493+ 548

22 KN(1420) RRANCHING RATIOS

KN( 1420) INTO (K P I ) /TOTAL
(0 ' 37) ( 0 ' 19) BADIER 65 HBC 3 0 K-P
(0 ' 39) (0 ~ 11) BASSANO 67 HBC - ~ ~ 6t 5 ~ 0 K P
THIS BRANCHING RATIO CONTAINS REDUNDANT INFORMATION ~ SINCE
WE CONSTRAIN THE SUM OF ALL BRANCHING RATIOS TO BE 1%0

~ ~ ~ ~ ) % % ~ ~

0 ~ 492 0 ~ 03 t VALUE FROM CONSTRAINED FIT

6/66
10/67

LIHD
~. . .FRIEDMAN

BISHOP
.BASSO)1PIE
B AS SOI1PIE

.ADERHOLZ

BAERE
IER

350-50 50 150 250
CHARGED KN (1420) WIDTH (MEV)

68 HBC
68 HBC
68 HBC
Sg HBC
68 HBC
68 HBC
67 HBC
65 HBC

CHISQ
1 ~ 5
9.8
1.1
1.3
2.6
O.1
0.5

17.8
(COHLEV
=0.012)

See the indstrated key preceding the data card listings.
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MESON RESONANCES
Data in parentheses have not been included in our averages.

lt2
R2
R2
R2
R2 AVG
R2 FIT

KN(1420) INTO
~ 41

0 ~ 47
~ ~ 0 ~ 0 ~

0 ' 450
00363

(Met 890) PI) / TOTAL
0»14 BADIER 65 HBC
0» 10 BASSANO 67 HBC

0»081 AVERAGE tERROR INCLUDES
0»031 VALUE FROM CONSTRAINED

3»0 K-P
4»6e 5»0 K»» P

SCAL'E FACTOR QF 1 ~ 0)
FIT

6/66
10I67 BAOIER 65 PL 19 612

CHUNG 65 PRL 15 325
FOCARO I 65 PL 16 351

REFERENCES FOR KN(1420)

BAOIER 5 DEPOUL IN ~ GOLDBERG¹ (EP+SACLY+ZEEMAN)
+DAHL ~ HA{LDYPHESS 2 JACOBS eKIRZ 2 eel LLER (LRL)
FOCARDI MINGUZZI RANZ I ~ SERRA+ (BOLOGNA+GEM)

R3
R3
R3
R3
R3 AVG
R3 F IT

KN t 1420 ) INTO
0»14
0»14

~ ~ ~ » 0 ~
0 14D
00080

(K RHO)/TOTAL
0 05 BAOIER 65 HBC
0 ~ 10 BASSANO 67 HBC
» ~ ~
0 045 AVERAGE {ERROR INC(.UOES
0 035 VALUE FROM CONSTRAINED

3 ~ 0 K-P
0 406e 5 ~ 0 Kp» P

SCA(.E FACTOR QF 100)
FIT

R4 KN(1420) INTO (K OMEGA)/TOTAL
R4 0»07 0 04 BADIER 65 HBC
R4 0 ~ 0 ~ ~ 0 ~

R4 F IT 0 ' 042 00013 VALUE FROM CONSTRAINED FIT

3~ 0 K-P

Rb
Rb
R6
Rb
Rb
R6
R6
R6
R6 AVG
R6 FIT

KN{ 1420) INTO
6 0 33

0 ~ 65
0 ' 63
0 ' 52
0»9

84 0»93
0 0 ~ 0 ~

0 722
0 ~ 738

(K¹t890) PI) / tK PI )
0»33 CHUNG 65 HBC
0 ' 20 SHEN 66 HBC
0»20 SHEN 66 HBC
0 ~ 12 SCHME INGR 68 HBC
0»2 BASSOMPIE 69 HBC
0 ~ 11 BISHOP 69 HBC
0 0 ~

0.087 AVERAGE (ERROR INCLUDES
0»099 VALUE FROM CONSTRAINED
(SEE IDEOGRAM BELOW )

+0 394~ 2PI P
0 N¹ PRODUCED

+ NO N¹ PRODUCED
0 4 ~ 1+5~ 5 K- P

+ 0 5 K+P
3' 5 K+ P

SCALE FACTOR OF 1 3)
F IT

R 5 KN ( 142 0) INTO I K ETA) ITOT AL
R5 0 ~ 02 0002 BAOIER 65 HBC 3»0 K P
R5 ~ 0 ~ » 0 ~ ~ 0 ~

R5 FIT 0»022 00013 VAlUE FROM CONSTRAINED FIT

6/66
10/67

6/66

6/66

8/66
10/66
10/66
10/67
9/6 9¹
9/69¹

SHEN 66 PRL 17 726 +BUTTERMORTHeFU GOLDHABERSe TRILLING I LRL)
ALSO 66 (PRIVATE COMMUN)GERSON GOLDHABER (LRL)

BASSANO
BASSOMPI
CRENHELL
DAM(.

ALSO
DE BAERE
FIELD
GOLOHABE

ADERHOLZ
ALSD

ANT ICH
DUBAL
KANG
SCHME ING

ALSO

67 PRL 19 968
67 PL 268 30
67 PRL 19 44
67 PR 163 1377
65 PRL 14 40L
67 NC 51 A 401
67 PL 248 638
67 PRL 19 972

68NPB5 567
66 PL 22 357
68 PRL 21 1842
68 THESIS 1456
68 PR 176 1587
68 PR 166 1317
67 THESIS

+GOLDBERGKGQZ eBARNES ~ LEITNER+{BN(.+SYRACUSE)
BASSOMP IERRE ~ GOLOSCHMI DT+ ( CERN+BRUX+ BIRN) I JP
+KALBFLEISCHKLAITSCARRPSCHUMANN (BNL)
+HARDY¹HESS+KIRZtMILLER (LRL)
HARDY ~ CHUNG e DAHL 5 HESS ~ K IRZ ~ MILlER ( LRL )
+GOLDSCHMIDT-CLERMONT ~ HEHRI+ (BRUX+CERN)
+HENDRICKS+PICC{ONI+YAGER (LAJOLLA)
G» GOL OHA 8ER ~ F IR E STONE e SHEN (LRL)

+DEUTSCHMANNt I AACH+BERL+CERN+I ~ C»+VIENNA)
BARTSCHeOEUTSCHMANNeHORRISON+ {ABCL( IC) V)

+CAlLAHAN5 CAR SOH 2 COX eDENEGRI 5+ {JHOP)
L»DURA( (GENEVE)
Y»M»KANG ( IQMA)
SCHleE I NGRUB ER eDE'RR ICK ~ F IELOS ~ AMMAR+ ( ANL tNM )
F»L ~ SCHMEINGRUBER {NORTHWESTERN PEVANSTOH)

BASSOMPI 69 NP 813 189 BASSOMPIERE eGOLDSCHMIOT-CLERH»e(CERN+BRUX) JP
BISHOP 69 NP 8 9 403 +GOSHA W ~ E RMIN ~ 'WALKER (MISC)
CRENNELL 69 PRL 22 487 +KARSHQN ~ LA I ~ ONEALLe SCARR ( BNL)
DAVIS 69 PRL 23 1071 +DERENZQeFLATTEeALSTQNelYNCH, SOLMITZ {LRL)
OE BAERE 69 NC 61 A 397 +GOLDSCHMIOT-CLER MONT 5 HENRI e+ (BELG¹CERH)

SUPERSEDED BY BASSOMPIERRE 69
FRIEQMAN 69 UCRL-18860 J FRIEDMANe PH»D ~ THESIS {LRL)
LING 69 UCRL 19284 +AL. EXANOER ~ FIRESTQNC ~ FUe GOLOHABER I LRL) JP¹e¹¹e¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ Ta¹¹¹¹¹¹¹e¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹¹ee¹¹¹¹e¹¹e¹¹ee¹¹¹¹¹¹¹e¹¹¹e¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

IJEIGHTEO AVERAGE = 0.722 d: 0.087
ERROR SCALED BY 1 ' 3

(1 BBQ) 22 KK (2666 JP I 2 2/2
Ma

EV IOENCE NOT CO)(PELl INGP OMITTED FROH TABLE

Values above of weighted
average, scale, etc. for
readers convenience. The
data were actually proc-
essed by program AHR,
which calculates its own
values of SCALE, x, and
6{x) (which are different
from the values shown here).

H

H

H J
M J
H J'

27 KN ( 1660) MASS ( MEV)

(1660' 0) CARMONY 67 HBC 0 3»8 K PP OMEGA K ll/67
1660 0 10 0 JOBES 67 HBC + 5. K+ P 11/67
CLAIHED BY JOBES IN (K PI ) 5 t K¹(890) Pl) 5 AND {K¹t1420) PI )
MODES ~ JQBES 67 SCES THE K Pl BUMP MOSTLY IH INTERFERENCE

W ITH N¹(1236)~

27 KN {1660) WIDTH t MEV)

ISHOP
AS 5 Of(P IE
CHL(E IN G R

HEN

HEN

HUNG

-0.5 0.0 0.5 1.0 1.5 2.0
KN(1420) INTO (KM(890) PI) i tK PI)

69 HBC
69 HBC
6B HBC
66 HBC
66 HBC

65 HBC

CHISQ
3 ~ 6
O. ii
2.8
0.2
0 ~ 1
1.4
9.0

(CONLEV
=0.111)

60.0 20 ~ 0 JQBES 67 HBC + 5 Kt P

27 KN (1660) PARTIAL DECAY MODES

Pl XN¹(1660) INTO K PI
P2 KN¹(1660) INTO K PI PI
P3 K N¹(L660 ) INTO K¹( 890) P I
P4 KH¹t 1660) INTO K¹5{(1420)PI

DECAY MASSES
493+ 139
493+ L 39+ 1 39
892+ L 39

1409+ 139

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹ ¹¹¹¹¹5¹¹¹¹¹¹¹¹e¹¹¹¹¹¹¹¹ ¹¹s¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR KN(1660)

11/67

CARMONY 67 PRL 18 615
JOBES 67 PL 268 49

D CARMQNYPT ~ HENDRICKSTL ~ LANDER (LA JOLLA)
+RASSQMPIERREPOE BAERE + (BIReteCERH+BRUX)

R7
R7
R7
RT
R7
RT F IT

RB
RB
RB
RB
{t8
RB
RB
RB AVG
RB F IT

R9
R9
R9
R9 F IT

R10
R10
RLO
R10 FIT

Rll
R 11
R 11
Rll FIT

R12 '
R12
RL2

KN ( 1420) INTO
{0»08) OR
(0 ' 2) OR
0 ' 13

» 0 ~ ~ ~ 0
0 ' 086

(K OMEGA) / K PI
LESS SHEN 66 HBC
LESS BASSOMPIE 69 HBC
0» 07 BASSOMPIE 69 HBC
~ 0»
0 029 VALUE FROM CONSTRAINED

4.6 K+P
+ 5 K+ P

05K+P
FIT

KN ( 1420 ) I HTQ
{0' 09) OR
0»26

(0»2) OR
{0' 3) OR

15 0» 11
~ ~ ~ ~ 0 ~

0 ~ 128
0» 163

(K RHO)
LESS
0»16
LESS
LESS
00 06
0 0 ~
0 056
0» 076

I (K PI)
CHUNG 65 HBC
SCHMEINGR 68 HBC
BASSQMPIE 69 HBC
BASSOMPIE 69 HBC
BISHOP 69 HBC

+ 0 3 9 4 2 PI- P
0 4 1+5' 5 K P+5K+P
0 5K+P

3' 5 K+ P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»O)
VALUE FROM CONSTRAINED FIT

KN(1420) INTO
(0»39) OR
(0' 40) OR

~ 0 ~ ~ 0 ~

0 22

(K RHO) I {K¹t890)PI)
LESS BASSOieP IE 67 HBC
L.ESS (CLe» 90) F IELD 67 HBC
~ » ~

0»il VALUE FROM CONSTRAINED

+ 5. K+ P- 3 ' 8 K P

F IT

FIT

8 K P

3 ' 8 K0 P

5 ' 0 K+ P
3 ' 5 K+' P

KN( 1420) INTO (K OMEGA) / {K¹(890)PI)
0»10 0 04 F IELD 67 HBC

00116 0»038 VALUE FROM CONSTRAINED

KN(1420) INTO (K ETA) I (K¹(890) PI)
0»07 0»04 FIELD 67 HBC

0 062 0 036 VALUE FROH CONSTRAINED

KN( 1420 ) INTO (K ETA) / tK PI)
(0»025)OR LESS BASSQMPIE 69 HBC
tD»02) OR LESS BISHOP 69 HBC

8/66
9/69¹
9/6 9¹

8/66
10/67

9/6 9¹
9/69¹
9/69¹

9/67
6/67

6/67

6/67

9/68
9/69¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ «¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹ ~ ¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

K„(1775) 25 KK (TTT5 JP ~ ) 2 2/2

or L

Note for the K ( & 775) Meson
This Km@ bump was named L by

BARTSCH 68, who reported a peak with
I' = 127 MeV and several decay modes. In a
much larger experiment, however,
BARBARO-GALTIERI 69 find only a very
broad peak {300-500MeV), and only in the
mode K (1420)m. Moreover, they show in
Fig. 2 of their paper that there is a broad KTrm

bump associated with any Km mass selection.
Thus if Kvr mass is selected at the K (892) one

P 2 P 3 P 5

finds a broad Km@ peak in the "Q region, " if
the Km mass is selected at the K (f420) one

P 1»492+ ~ 034
P 2 ~ 530 0363+ ~ 031
P 3»367 0417»080+»035
P 4 —~ 361 ~ 007 ~ 126 ~ 042+-0013
P 5»086 ~ 169 ~ 043 ~ 051 ~ 022+ ~ 016

finds the "L," if the Km mass is selected in
between, one still finds a 300-500 MeV thresh-

ee¹e¹¹¹¹¹¹¹¹ee¹¹¹e¹¹¹¹¹¹¹¹¹ ee¹¹¹eee¹e¹eee¹¹¹ old peak.
See the illustrated key preceding the data card listinga
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MESON RESONANCES
Data in parentheses have not been incllded i» our averages.

The contradictions are now summarized:
BARBARO-

BARTSCH 68 GALTIERI 69
(0-GeV/c K (Z-GeV/c K+Beam

Events abov. e

bacldng

round. : 60 6o

Q (Me+): 127+43 400+100

K (1420)rr/Krr4r: (19115)/0 %00/0

Interpretation: Re s onance K (1420)vr

thresholdJ: 4, 2. , 3, 2+. 0 =2
' Until these discrepancies are resolved,

the resonant interpretation of the L peak
must be subject to the same reservations as

apply to the other threshold enhancements (Q

region in Km@, A& region in pTr, etc. ). Even

if there is a narrower peak in the data of

BARTSCH 68, at least some of the peak must

be this K (4420)vr enhancement. Background
subtraction is then hazardous, and we have

23 KA (1775) NIDTH (MEV)

N 20 (80~ )
N 60 ~ 0
N 127' 0
N 5 0 4 ~
N AVG 7L ~ 9

2000
43~0

e ~ e o e
25.6

BERLINGHI 67 HBC t 12a7 K+P
JOBES 67 HSC + 5 ~ K+ P
BARTSCH 68 HBC 1040 K P

AVERAGE (ERROR .INCLUDES SCALE FACTOR OF I F 4)

Pl
P2
P3
P4
P5
P6
PT
PB
P9

23 KA (1775) PARTIAL DECAY MODES

KA INTO K PI
KA INTO K RHO
'KA INTO Ke(890) PI
KA INTO K OMEGA
KA ~ INTO K PI PI
KA INTO Kt(1420) PI
KA INTO K ETA
KA INTO K PHI
KA INTO Ke(890) ETA

DECAY MASSES
497+ 134
497+ 765
134+ 892
497+ 783
497+ 134+ 134
134+1409
497+ 548
497+1019
548+ 892

23 KA l 1775) BRANCHING RATIOS

00000000t ttetetett 000000000 teeeetete 000000100 00000004r

. REFERENCES FOR KAl1775)

BERLINGH 67 PRL 18 1087
JOBES 67 PL 268 49
DENEGRI 68 PRL 20 1194
SARTSCH 68 NP 88 9

ANORENS 69 PRL 22 731
BARBAROL 69 PRL 22 1207
BARSAR02 69 LUND PAPER $9
COLL EY 69 NC A 59 519.

BERLINGHIERI+FARSER+FERBELtFORMAN+ (ROCH)X
+BASSOMPIERREPDE BAERE + IBIRH+CERN+BRUX)
+CALLAHAN+ETTLINGER+GILLESPIEt l JOHNSHOP)
+COCCONI ~ + l AACH+SEItL+CERN+LO IC+ IHAN)

+LACH LUDLAM SANONEISS BERGER + (YALE+LRL)
BARBARO-GALT IER Ir DAVIS ~ FLATTE0+ (LRL)
SAME AUTHORS AS ABOVE DATA DOUBLED (LRL)
tEASTNOOD0+ (BIRMtGLAStLOIC+MPIM+OXF+RHEL)

K (8240) 40" pp r2240 Jp 1 r ~ 4/2

ENHANCEMENT SEEN IN (ANT IHYPERON+NUCLEON) HASS ~.

EVIDENCE NOT COMPELLINGr OHITTEO FROM TABLE

40 Ke (2240) MASS (MEV)

11 tteettttt ~00100111 111110010100111000 101010001 teetetett 00010010
111011011011101 000111111 tttaeetee 000000100 teaeeette etatteete ttteteeer

7/67
11/67

9/6'90

chosen not to quote any branching ratios. 15 2240 ' 20 ALEXANDER 68 HBC + 0 9 K+P YBARtN+ ~ 6/6()

23 KA (1775) MASS lMEV)

40 Kt (2240) NIOTH, (HEV)

N 15 70~ 20~ ALEXANDER 68 HBC + 0 9 K+P0YBAR+N+ 6/68

H 20(1780 )
176040

M 1785 ' 0
M 4 ~ 0 ~

AVG (775~2

15~ 0
12~ 0

0 4 ~ 4 0
12 2

BERLINGHI 67 HBC t
JOBES 67 HBC +
SARTSCH 68 HBC

12 7 Ktp
5 ~ K+ P
10~ 0 K P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 3)

7/6 7
11/67
9/691

010001 000001000 eetttteee 110000010 010I 00000 000000000 001101100

REFERENCES FOR Kt(2240)

ALEXANDE 68 PRL 20 755 ALEXANDER ~ FIRESTONEPGOLDHABER0SHEN (LRL)

eetee100110001000000000Ieteeeeeei t1et 11tetetttt tt ttteeeteteteetea t tea 0I tace
ettt10110110110011011110111111ttt~ 011~0 ~ettttt00101101111t11011001etttt

See the d(ustrated Ikey Precedrny the data card hstrngs



PARTIcLE DATA GRoUP Eesseoo of Particle Properties I6i

BARYON RESONANCES

Note on N's and A' s

.There are now complete phase-shift an-
alyses from four different groups: The Saclay
group'(referred to as BAREYRE 68), the

Berkeley group (JOHNSON 67), the Glasgow

group (DAVIES 68), and the CERN group.
The CERN g r oup has pe rfo rmed. two

phase-shift analyses, using different methods.
The CERN I solution is published. as
DONNACHIE-i 68 for both Ispin i/Z and 3/Z.

Their figures contain two sorts of results:
"Experimental Phase Shifts, " i. e. ,

partial-wave amplitudes at each energy at
which they used. experixnental input. These
are plotted as q and 5 at each energy, but not

as Argand plots. .
4

Z. " Theoretical Fits" using smooth func-

tions based on dispersion-relation theory.
These are plotted. both as smooth curves of

and. 5 vs energy, and as, Argand. plots.
Brody et al. have recently criticized the

"Theoretical Fits" because it turns out that

although the "experimental" amplitudes d.es—
cribe the data as well as (or better than) any

other available set, the theoretical fits for
some rapidly varying partial waves are too
smooth. , Because they are so convenient to
dryw and to remember, we continue to present
these smooth Argand plots, having warned the

reader of their limitations.
The newer solution, CERN II, covers2

I = 3/2 only, and has been published only as
Argand plots of "experimental" amplitudes.

We reproduce here, in Figs. i, 2, 3,
most of the available Argand diagrams. The
Berkeley diagrams, from. which the authors
do not yet quote resonance parameters, are
reproduced here only for I = i/2 partial

3waves. Table I is a surnrnary of all the

states claimed by the various groups with

our evaluation of their significance. We have

included in the Baryon Table only states
listed. as "good" or "fair. "
Spread Among Resonance Paraxneters

Values of xnasses, widths, and branching

ratios can be obtained only froxn phase-shift

analyses. In production expe rixnents, in
fact, it is seldom clear which of the many
states at similar masses is being observed.
We now have complete phase-shift analyses
from four different groups, but we are quite
far from having reliable masses and widths

derived. therefrom.
The problem is that the errors on the

phase shifts are quite large and it is thus dif-
ficult to d.raw smooth curves on the Argand

diagrams. In addition, except for the Glasgow

solutions, where an energy-dependent fit to the

data and phase shifts is done, the resonance

parameters are just the result of an "eyeball"
fit with the use of different methods. As a re-
suit, different authors using the same phase
shifts often estimate different value s of M,

x. This is the case for the CERN I solu-
tion, from which three sets of parameters
have been reported. The Glasgow analysis
actually gives two solutions and the Saclay
analysis gives two sets of parameters de-
pending on the xnethod. used. In order to
make the reader aware of this problem we

report here a table, Table II, with all the dif-
ferent values for M, 1", x. On the main table
of Baryon Resonances we decided not to quote

a value with an error, but to quote a range of

mas s e s and widths in o rde r to point out the

large indeterminancy of these parameters.
So the P'&& will be M = 1435 to 1505 MeV,
1" = 200 to 400 MeV, etc.

Footnotes and References
A. D. Br ody, D. W. G. S. Leith, B. G.

Levi, B. C. Shen, D. He rndon, R. Longac re,
L. Price, A. H. Ros enf eld, and P. SM.ing,

Phys. Rev. Letters 22, l40i (4969).
2. The CERN II Argand plots have been re-
ported by A. Donnachie, 14th Inte rnational
Conference on High Energy Physics, Vienna,

~968. p. a39.
3. For the complete set of Argand plots in-
cluding speed versus energy, see UCRL-8030
Part II by D. J. Hernd. on; A. Barbaro-
Galtieri, A. H. 'Rosenfeld.
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BARYON RESONANCES

Table I. Our evaluation of the status of all N and D resonances as seen in partial-wave analyses.
D = definite, Pr = probable, Po = possible, A = ambiguous, No = not present. Notice that in the

Glasgow fits the resonance hypothesis is built into the fit, so only the symbols D or No apply, ex-
cept for one Pr at the upper end.

Our
evalu-

Berkeley CERN I Saclay Glasgow RBD CERN II ation qn KQ KZ mB pN yN

P11(1470)

D13 (15ZQ)

S11 (1535)

D

D

D

D

D

D

D

D

D

D

D

D

Good

Good

Good D

D D

D

D1'3 (1700)

D (1670)

Po

D

Po

D

Po No Poor

Good P b

(16s8)

S11 (1700)

P'r (1780)

P' (1860)

F (1990)

A

D

D

Pr

D

D

D

D

Pr Pr

D

Good

Good Po D

Fair Po D

Fair

Fair

P b

D',"3 (ZO4O)

G17 (Z190) D

D Fair

Fair

(1236)

S" (1650) D D D D D

Good

Good P b

D

P3'3 (1690)

D (1670)

F35(1890)

P (1910)

D35(1960)

F37(1950)

P"' (Z160)

Po

D

Po

D

Pr

D

Po

Po

A

A

D

No

D

D

D

D

Po

Poor

D Fair

D Fair

Poor

D Good

Poor

Pr Fair

P b

Pr D D D

aRBD = LEA 69 {Lea et al. ', Ruth, Bristol Daresbury).
bFor these references see DONNACHIE-Z, the latter part of the article.

This state is very close to or beyond their highest energy.
d ~e can t say anything.I

eGlasgow A has a G17 state, Glasgow B may have an F17. However, this region is very close to
their highest energy.
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BARYON RESONANCES

PARTIAL WAYE AMPLITUDES OBTAINED BY THE SACLAY PHASE SHIFT ANALYSIS (BAREYRE et al)

Ecm

I. 1320
2. 1362
3. 1390
4. 1443
5. 1470

1501
1524

8. 1543
9. 1573
10. 1603
II. 1617
12. 1629
13. 1658
14 ' 1673
15. 1688
16. 1716
17. 1738
18. 1769
19. 1822
20. 1862
21. 1896
22 ' 1968
23. 2021

Pig. 3. Bsclay sty phase-shift anaj.ysis.

Table II. Resonance parameters for N and & from phase-shift analyses, as listed by their
authors. The P&3(f236) is not included because the analyses listed start at higher energy.
BAREYRE 68 uses two methods to find resonance parameters:
i —(o' ) the energy where the total cross section is maximum, 2 —(speed) the energy where the

speed of variation of the amplitude in the Argand plot is maximum. CERN quotes only one

method, usually where the absorption is maximum, but three different sets of values have

been given. The Glasgow group (DAV'IES 68) uses Breit-signer parameterization; A and

B differ in the starting values of the minimi'zation (CERN I solution was used for solution B).
For some .states no parameters have been quoted by the authors. %le report in the M column

our evaluation of the status of this resonance as judged. on the published Argand plots. Symbols

are the same as on Table I.
The "Ind. Ext. Error" written below the average is the "external error" of the individu-

al values, i. e. , (Sx.)-. . —+ (x.-x)2 The error x of the mean is of course smaller by another
1 j. 1

factor i/ /N but we avoid giving it because we feel that x, hx have little meaning here.
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Table II. {see caption oi& preceding page)

Method
~ Pf'1 (1780)

Bareyre 68

Bareyre 68
Berkeley 67
Donnachie-1 68

PrI = 1/2 States

Method
Speed

Pr~ Pif (1470)
Bareyre 68

2 Bareyre 68

3 Be rkeley 67
4 Donnachie-1 68

Abs. 1751
1750
1860
1770

327 0.32
327 0.32
Z70 0.3Z

445 0.43

0, 681470 255

205 Donnachie-2 68 Abs.Speed, 0.681505
6 Kirsopp 68 Abs,
7 Glasgow 6& A
8 Glasgow 68 B

D

'i466 0.658
o, 66
o.66

~ 211
Zii
2ii
391
224

Abs
(1867) (525) 0.30

1783 350 0.34

5 Donnachie-2 68 Abs ~ 1470
i466
1462
1436

68

68
68

Kirsopp Abs. Average
Ind. ext. errorGlasgow'

Glasgow
Q, 49
0.46

+63

P13 (1860)
244
+62

1468 0.61Average
Ind. ext. error Ab

A"

A

1863
1860

8 a rey re 68

Bareyre 68
Berkeley 67
Donnachie-i 68

%f9 k, Q9
Speed

~ D13(f520)'

1 Bareyre 68
2 Bareyre 68
3 Berkeley 67
4 Donna chic -1 68

1510 125 0.54
296 0.207
296 0.21
325 0.25

Abs,
Speed 1515

1526
110
fi4

0.54

0.57
Donnachie-2 68 Abs.

68
68
68

69

Kirsopp
Clas gow

Glasgow
Lea

Abs. 1900
0, 5091541Abs. 149

fi4
1844
1854
1860

A

B
449 0.40
307 0.26

5 Donnachie-2 68 Abs. 0.571520
152668

68
68

6 Kirsopp
7 Glasgow

8 Glas gow

Ave rage

0.57115
106

Abs.
Q.451512 1864 335 0.27Average

k Ind. ext. error1512
1520

125 . 0,49 +17 +58 +.07
0,53

+.04

120
F17 (1990)+f0 *13+ Ind, ext. error

681 ' Bareyre
2 Bare'yre 68
3 Berkeley 67

4 Donna chic -1 68

~ S'1 (1535)
Speed b

bBareyre 68

Bareyre 68

Berkeley 67
Donnachie-1 68

1535 155
Speed f515

i548
105

1ea

(268)
116
160'
(36)
53

Abs 1983 225 0.128
0.326

0.696
0.33

5 Donnachie-2 68 Abs.
Abs, 1591

1550
68
68
es
69

Kirsopp
Glas gow

Glasgow
Lea

Abs, 1995 25o o o 9
5 Donnachie-2 68 Abs.

0,368
68
68

1540
1502
1499
1535

Abs..Kirsopp
Glasgow

Glasgow

o.36
0, 35

2000

238 0.109
*12 k.pfg

1989
*6

Average
k Ind. ext. error0.39

+.14
i18Average

+ Ind. ext. error +28 +35
Df'3 (Z040)

~ D'1 3 (1700)
Bareyre 68
Bareyre 68

Berkeley 67
Donnachie-1 68

Bareyre 68

Bareyre 68

Be rkeley 67
Donnachie -1 68

Speed
Speed Po

Po 293 0.26

290 0.11
240 0.15

Abs. 2057
Abs.

5 Donnachie-2 68 Abs. 2030
5 Donnachie-2 68 Abs. 1730

1680
68
68
68

69

Kirsopp
Glas gow

Glasgow
Lea

Abs. 2040

b

68
68

68

Abs.Kirsopp
Glasgow

Glasgow No 2030
Ave rage
+ Ind. ext. error

1705
+25

Average
Ind. ext. e rror

2039
11

274 0.17
+24

e Di5 (1670)
G (2190)

Bareyre 68

Bareyre 68
Be rkeley 67
Donnachie -1 68

1680 135 0,41.
i Bareyre 68
2 Bareyre 68
3 Be rkeley 67
4 Donnachie-1 68

$655
D

105 0.41Speed
0 Speed

b
2265

1678
1680
1678
1669
1667
1672

0.391
0.391
Q. 391
0.50

Abs.
Abs. 298

300
300

(319)

0.349
0.35

5 Donnachie-2 68 Abs. 173
Donnachie-2 68 Abs. 2f 90

2265
17568

68
68

6 ' Kirsopp Abs.
68
68

68
69

Kirsopp
Glasgow
Glas gow
Lea

Abs. 0.35

(0.14)
7 Glasgow

8 Glas gow
(1906)

c
-2000

0.43115
Bi42 0.4Z

+29 +.04
Average

-4 Ind. ext. error +fp
Average
+ Ind. ext. error

299
+2

0.350
+.001

2180
+35~ F (1688)

Bareyre 68
Bareyre .68

Be rkeley 67
Donnachie -1 68
Donnachxe-2 68

1690
1680
1692
1687
1690
1692
1685
1684
1688

110 0.64
0.64

o.eg'
Q. 56

0.68
0.68

I = 3/2 States105
i32

Speed
S3 (1650)

1695
1650

2501 Bareyre 6S

Z Bareyre 68
3 Berkeley 67
4 Donnachie-1 68

Abs.
Abs. Speed 130132

Kirsopp 68

68
68

Abs. 130
104
123

1635
1640
1635
'167Q

1623
1650
+23

Abs. 177 0.284p. 54Glasgow
Glasgow 5 Donnachie-2 68 Abs. 177 0.280.54 .

6 68
68
68

Kirsopp .
Glasgow
Glas gow

Abs. 0.28180
f41

0.62
+.oe

127Average
+ Ind. ext. errox' 0.28+4 +22

0.25140
~ Si'1 (1700)

Average
+ Ind. ext. error

151
agg

0.27
260Bareyre 68

Bareyre '68

Be rkeley 67
Donnachie-1 68

1710
1665
1709

k. f 2
Speed iip

300
~ P33 (1690}

0.786
1 Bareyre 68
2 Bareyre 68
3 Berkeley 67
4 Donnachie-1 68
5 Donnachie-2 68
6 Kirsopp 68
7 Glasgow 68
8 Glasgow 68

Average
+Iiid. Hxt. Prror.

A

A
Abs.

Speed5 Donnachie-2 68 Abs. 0.79
0.79
0.56

0.51
0.69
+.f 3

3001710
1709
1766
167i
1706
~31

Po
. 1688

1690
1690

6 Kirsopp
7 Glas gow

8 Glas gow

Average

68
68
68

300Abs.
281 0.098Abs.

Abs,
Abs.

404A

B 0.1281
240

121
256 0.08

No

No
kgg+ Ind. ext. error

B

1689 267 0.93
+2 +19 +0.09

BARYON RESONANCES

Method M I
~ D3 (1670)

Bareyre 6S

Bareyre 68

Berkeley 67
Donnachie-1 68

Po
Speed Po

A

1egi 269 o.14
1690 269 0, 14

1690 300 0.13
1649 18S 0.12

1650 174 Q. i 3

1674 240,0.13
+Zp k50 +, 0 f

Abs.
5 Donnachie-2 68 Abs.

68
68
68

Abs.Kirsopp
Glasgow

Glasgow

Average
* Ind. ext. error

F (1890)

1 Bareyre 68
2 Bareyre 68
3 Berkeley 67
4 Donnachie -1 68
5 Donnachie-2 68
6 Kirsopp 68
7 Glas gow 68
8 Glas gow 68
Average
+ Ind. ext. error

Po

Speed Po
Pr

1913
19io
1910
1841

Abs.
Abs.
Abs.

350 0. 16

350 0.16
380 0, 15
136 o.2

150 0. 19
273 0.17 ~

+107 +.02

A

B 1852
1885
+32

P31 (1910)

Bareyre 68
Bareyre 68

Berkeley 67
Donnachie- f 68

A

A

P b

1934 339 0, 3P

1930 339 0 3
1930 425 0.25
f 914 290 0.18
1834 231 0.24

1908 325 0.?5

~38 +64 ~, p4

a'

Speed

Abs.
5 Donnachie-Z 68 Abs.
& Kirs opp
7 Glas g,ow

8 Glas gow

Average
+ Ind. ext. error'

68

68
68

Abs a

A

B

D35 (1960)

68 p.

68 Speed
67

Bare yre A

ABareyre
Berkeley
Donnachie-1 68 Abs.

68 Abs.
1954 311 0.154

5 Dorm a chic -2
68 Abs.
68 A

eg B
69

Kirsopp
Glas gow

1970 400 0.12

Glas gow

1950Lea
1958 356 0.14

+9 +44 +.02

Ave rage
Ind. ext. error

F37(1950)
68
68 Speed
67
68 Abs,
68 Abs.
68 Abs.
68 A

68

Bare yre 1975 180 P. 57
1980 1402 Bare yre

3 Berkeley D

1946 221 0, 386
1950 Z2 1 P, 39
1946 220 0 ~ 39
1935 .Z2 i P.51
1935 212 0.39
1 952 202 0.44
ki 9 +29 +, Q7

4 Donnachie-1
5 Donnachie -2

6 Kirsopp
7 Glas gow

8 Glas gow

Ave rage
+ Ind. ext. error

~ P3o3 (2160)

Bareyre 68
Bareyre 68 Speed

Berkeley 67
Donnachie -1 68 Abs.

b

P b

5 Donnachie-Z 68 Abs.
6 Kirsopp
7 Glas gow

8 Glas gow

Ave rage
+ Ind. ext. 'error

2160 260 0,2568 Abs.
68 A

68 B
2160 260 0.25

) Values in parentheses have not been used in the
ave rag es.

Values quoted by Lovelace, rapporteur talk at Heidel

berg Conference (1967), p. 109.
b This state is very close to ot' beyond their highest
energy,

Glasgow A has a G17 state at this mass, Glasgow B
may have an F17 and a G17, however, this energy
region is very close to their highest energy.
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Data in parentheses have nat been inelftded in oftr averages.

BARYON RESONANC ES

CODE EVENTS QUANTITY ERROR» ERROR-
ABOVK

BACKGROUHD

REFERENCE YR TECN SfGH COMMENTS DATE
PUNCHED

4 479 MEV MSlaN — PRODUCTION EXPRRBGENT&
61 Hs(1«70} PROD. EXP.

»ease« »»s»ee»»» »4»»4»»ae s»esse»»» es»»»»sea se»»s»»»a »s»»G»sas »»»as»»e
s»»oes »s»s»»»»s »»»sae»»a »»»»ee»a» a»ee'»*»»e aee»»ae»e »o»«»»»ee »s»se»»»

16 PROTON I 938G Js»l/2 } IRRI/2

SKE LISTiNGS QF STAB(.E PARTICLES

»4»4«e»»aee»»«s»a»»ee»»» o»»s»e»»4»»»»»s»»o o»»»»»»»»»»4»»»»4»»4»»44»»
«eases »««assess ««4»essa» e»asses»a «es»sees» «ees»e»s»»a»s»esse»as»ea«s

17 NEUTRON (939~ Je 1/2) 1~1/2

SKE LISTINGS OF STABLE PARTICLES

»oases »e»»asses «sf«esses »assessee eesaasse4 see»»a»»e »as»»as»s ossa»as»
e«4»»s »ease«»Co eases»eee ease»Co«a »so»»»ee» fa»«as}~441»»aces ee»eee»e

bl N«1/2( 1&10E JP~1/2+) I Eel/2

}((1470) FOR DISCUSSION CONCERNING RESCNA 1~IIAIIITERS, SEE NOTS
PRECEDING N«3/2t 123S)»

THE MASS ANO WIDTH ARE BEST DETERMINED FRCM PHASE SHIFT ANALYSES ME
LIST PRODUCTION EXPERIHENTS SEPARATELY -SEE BELOW ~

bl N«1/2( i&70) MASS (MEV)

(1380 0) ROPER 65 RVUK PHASE-SHIFT AN4L
(1370~ 0} BRANOSEN 65 I(VUE PHASE-SHIFT ANAL

1 (lh10 0) BAREYRE 68 RVUE PHASE SHIFT ANAL
1 WHERE CROSS SECTION fS GREATEST - EYEBALL FIT
2 I 1505» 0) BAREYRE 68 RVUE PHASE-SHIFT ANAL
2 WHERE SPEED IS GREATEST EYEBALL FIT
h {Ih&2 0) OAVIES 68 RVUE P-S ANAL SOL A

5 ( lh36» 0) DAVIES 68 RVUE PS ANAL SOL 8
5 SQL 8 IS EeD FIT TO SAME DATA START FROM CERN I EXPKR» lDONNACH1 68}

I 1466» 0) DQNNACHI 68 RVUK PHASE-'SHIFT ANAL
3 t lh70 ) DQNNACH? 68 RVUE PHAS»SHIFT-CKRNL
3 (lhbb»} KIRSQPP ' 68 RVUE PHASE SHIFT ANAL

3 MHERE HAX ~ ABSORPTION IS DDNNACHIG 2 ~ KIRSOPP EYEBALL 'FIT CERH 1

9/&6
9/66

11/67

11/67

8/69»
8/694'

6/SB
10/69«
10/69«
10/69«

(1&25 )
(1&00»)
{1&30' )
( lh00 ~ )
( 1&05 }
t lh10 ~ )
( lh00» )

APPROX
APPR()X
APPROX
APPROX
(15 )
(15» )
(30~ )

AOELMbN
CQCCOHI
ANKENBRAN
BELLE TT I N

ANDER SON
BLAIR
FOLEY

&5 HBC +
6h CNTR +
65 CNTR +
65 SPRK +
66 SPRK +
66 CNTR +
b7 CNTR

K-P 1 45 GEV/C
PP 3 6-12 GEV/C
PP 7, 1 GEV/C
PPG0 10-26 GEV/C
PPG 6-30 GEV/C

2 ~ 8 Te9 GEV/C
Pl+» P ANO PP

(lh50 ) (17.)
{lh20» } APPROX

120flhh3 ) t15 ~ )
\fh00») APPROX

5 175(lh 16») t 11~ )
5 T4N &BG SHAPIRA 68
S (1390e} f20»)

ALHEIDA 68 HBC +
BELL 68 HBC
JESPERSEN SB HBC
LAMSA 68 HBC
SMAPIRA ' 68 DBC

ARE ONLY PRODUCT ION EXPER I HENT
TAN &8 HBC

PP P2P I ~ 10GEV/C
Pft PE 6 GEV/C
PP ZZ GEV/C
PI P E 8 GEV/C
INTO PP IGPN 7e0

TQ SEE PPI DECAY
PP TQ PIPE 6e1

N»1/2(lh70) WIDTH (MEV) PROD ~ KXPE ~

M (100 ' )
M 120 I 100~ )
M S 175 t198» }
M 5 {150»)

{15~ )
(ho» )
(60 }

BELL &8 HBC PI+- P AND PP
JESPERSEN 68 HBC PP Z2 GKV/C
SHAPIRA &8 DBC
TAN 68 HBC +

Rl
Rl

N«1/2(1470) BRANCHING RATIOS PROD ~ KXP»

}t»1/2(1h70} INTO (Pl P )/TOTAL PRQDUC ~ EXPER ~

t R&6) TAN 68 HBC PP TO PIPE 6»l

IT IS NOT CLEAR THAT THE BUMP SEEN II4 PRODUCTION EXPE
R IMENTS AT LOll INVAR I ANT HASS CORRESPONDS TQ THE P ll
RESONANT STATE DIFFRACTION SCATTERING SEEMS TO BE THE
DOMINANT FEATURE IN THiS )SASS REGION SEE GELLERT 66
WALKER &8 AND CLEGG 68 FOR DISCUSSION OF THIS POINT

ME LIST VALUES OF MASSES AND M )DTHS FROH THESE EXPERIMENTS FOR
THE READER ~ 5 CONVENIENCE THE LI ST )(AY NQT BE COMPLETE
THC CNTR 4ND SPRK EXPERIMENTS SEF 4 BUHP tN THC MISSING MA5$
PLOT. THE HBC EXPER IMENTS SEE 4 BUMP IN THE PPP I HA55 PLOT TAili

&BE SHAPIRA &8 SEK A BUMP IN PI P PRODUCT ION OF THIS STATE
IM GAMMA-P OR GAHHA 0 I 5 VERY SMALL SEK ALBERI 68 ~

N4'1/2( lh10) MASS t MEV) PROD EXPE

7/66

7 /66
7I66
7/6 6
7/6 6

11/67

10/69»
6/6 8

10/694I
6/6 8

10/69»

10/69»

6/6 8
10/6 94[
10/69«
10/69«

10/69«

bl N«1/2( lh70) WIDTH I HKV)

1 (255 ' 0)
2 (205 0)
h ( 391» l
5 {22he)
3 (Z11 0}
3 {211»)
3 (210» )

SEE THE NOTES ACCOMPANYING THE

BAREYRE 68 RVUE
BAREYRE 68 RVUE
OAVfES 68 RVUE
OAVIES 68 RVUK
DQN}4ACHI 68 RVUE
OONNACH2 68 RVUE
KIRSOPP 68 itVUE
MASSES t)VOTED»

61 Nal/2(lh10) PARTIAL DECAY HOOES

Pl
P2
P3
Ph

N»1/2(lh10) INTO Pl t(
Nel/2l1«70) INTO N SIGMA (SIGHA MESON)
N»1/2(1&70) INTO N»3/2(1236) PI
N»1/2( lh70) INTO N Pl PI

Sl Nsl/2{ lh10) BRANCHING RATIOS

Rl N»1/2llh70) INTO (PI N)/TOTAL
Rl (0 68) BAREYRE &8 RVUE
Rl (0 DAVtES 68 RVUE
Rl 5 (De«6) DAVIKS 68 RVUE
Rl 3 t 0»658} DDNNACH1 &8 RVUK
Rl 3 I 66) DDi(NACHZ 68 RVUE
Rl 3 t»&6) KIRSOPP 68 RVUC

SEE THE NOTES ACCOMPANYING THK MASSES ()VOTED

P-5 ANAL SOL 4
P 5 ANAL SOL 8

PHAS»SHIFT CERNl
PHASE SHIFT ANAL

DECAY MASSES
139t 938
938+ h 10

1236+ 139
938+ 139+ 139

{P I) ITOTAL

P-5 ANAL SOL A

P 5 ANAL SOL 8

t'HAS ~ SHIFT-CERNI
PHASE SHIFT ANAL

11/67
11/67
8/694'
8/6941
6/68

10/69«
10/69«

11/6 7
8/&9»
8/69«
6/68

10/69»
10/69»

R2
R2
RZ

N«1/2( lh10) INTO (N»3/2(1236} Pl }/TCTAL PROD» EXP ~

PROBABLY SEEN LAMSA 68 HBC Pl P 8 BEV/C
PROBABLY SEEN JESPERSEN &8 HBC PP 22 BEV/C

COCCONI
AOE L IRAN

ANKE NBRA
BELL ETTI
ANDERSON
BLAI R

GKL'LERT

6h PL 8
65 PRL lh
65 NC 35
65 PL 18
66 PRL 16
66 PRL 17
66 PRL 17

13h
1043
1052
167
855
789

88h

+LILLETHUNGSCANLQNESTAHLBRANOTG + (CERN)
5 L ADELHAN (CAMBRIDGE (CERN) )
ANKENBRANDTECLYDEG CORK ~ KEEFEEKKRTH+ {LRL)
BEL LETT I NI ~ CQ CCONI G DIODE NS + {CERN)
aBLKSER, CQLLINS ~ FUJII ~ + tBNL ~ CARH)
+TAYLORGCHAPH4N ~ + {HARMELL QUEENMAR'Y ~ RHEL}
tSMITH y VQ JCICK'Ir COLTON

BOSCH(

EIN + ( LRLGUCLA j
FO(EY 67 PR(. 19 397
ALBER I 68 PR 176 1631
ALHEIDA 68 PR 17h 1638
BELL 68 PR(. 20 16h
CLEGG 68 PRKPRINT

JESPERSK &8 PRL 21 1368
(.AHSA 68 PR 166 1395 '
SHAPli(A &8 PRL 21 1835
TAN &8 PL 288 195
WALKER 68 PRL 20 133

«ec«ecs»o

+JONES, LINDEN BAUM, LOVE, 0 ZAK I+ (BNL}
+APPEL BUONITZGCHEN DUNNINGGGQITEI N+ (HARV)
+RUSHBRQOKEG SCHARENGUIVFL+ I CAVE ~ OESY }
+CRENNELLEHCUGHGKARSHONELAI+ t BNL ~ CCNY)
4 8 CLEGG {LANC)

JESPERSENGKANGGKERNANG + ( IO'WA STATE)
+CASON ~ BISMASEDEPADOEGRDVESG4 IHDTRE DAME)
+BKNARYEE ISENBERGEROHATEYAFFE+ t REHO)

TANEPERLGMARTINECHINO'MSKY + (SLAC+LRt. +UCI )
+THQMPSQNGRQBERTSQNEQHELEEGHARTUNG ~ + ('MISC)

e««f o»eas

ENO PRODUCTION EXPERIMENTS

cfaffa ff«ee«caa ««a««4»ce cfefee«ca a«ace««ac ««4«ffccaT»»4«4«»4f «c«44«ec

REFERENCES -N»1/2(lh70) PROD» KXP

11/68
11/68

R2
R2
R2
R2
R2

N»l/2(lh70) INTO (N SIGMA)/TOTAL
DOHINANT INELASTIC DECAY THURNAUER 65 RVUE
DOMINANT INELASTIC DECAY NAMYSLOMS 66 RVUE
DDH{t(ANT INELASTIC DECAY ROSENFELD 67 RVUE
DOMINANT INELASTIC DECAY MORGAN 68 RVUE

(P2)/TOTAL

ISOBAR MODEL

»see»»»»a ease««««e «»»e«e»»e e»»»ec«ee ee»ease»a ac«»»a»»a e»««»»ee

REFERENCES - N»l/2llh70)

11I67
11/67
11/61
6/68

ee««»4««e ca«fees«e ee«4««eaa fee«»»«e««e«4«ae«s»4«a»»»»e
e«e» ««e»»e»es «ee»essa» ee«»»»e'ef »««as»'Iss *«ss"'»»'»e

62 Nf 1/2{ 1520G JPRR3/2" } Is»1/2
~t

N (1530)
~

FDR DISCUSSION CONCERNING RESONANT FARAIIETERS SEE NOTE
PRECEDING N»3/2{123&) ~

62 N»1/2{ 1520} MASS {HEV)
ROPER 65 PR 138 8190
BRANOSFN 65 PR 139 81566
THURN AU E 65 P RL lh 985
N ANY SLQM 66 PR 157 1328
ROSENFEL 67 IRVINE CONF

LO ROPCR ~ RH WRIGHT ~ BT FELD
tODONNELL ~ MOORHOUSE
P G THURNAUER
NAMYSLOMSK I GR A?HI G ROBERTS
4 H ROSENFELDG P SODING

(LRL ).VMRGHI 1) I JP
(DURHAMERTHFO) IJP

(ROCH)
( STAN ~ EO INB ~ IC )

(LRL)

BAREYRE
OAVIE5
DDNNACH1
DDNNACH2
K IRSQPP
MORGAN

68 PR 165
68 V I C N(4A

68 PL 268
68 VIENNA
68 7 HE 5 IS
68 PR 166

1731
CONF
i& 1
139

1731

PAPERS NQT RE'FERRED TO IN DATA CARDS ~

P BARKYREE C BR IC'MAND G V ILLET (SACLAY) I JP
A 04VIES ~ R HQQRHOUSE (GLAS)
4 DONNACHIE ~ R G KIRSOPP ~ C LQVELACE (CERN) I JP
DONNACHIE RAPPORTEUR»5 TALK (GLAS)
R G KIRSOPP (EOIN )
D MORGAN {RTHFO)

t 1536~ 0) ROP ER 65 RVUE PHASE- SHI F T ANAL

(1530»0} BRAND SEN 65 RVUE PHASE-SHIFT ANAL

1 ' t1510~ 0} BAREYRE 68 RVUE PHASE-SHIFT ANAL

1 WHERE CROSS SECT ION I 5 GRE ATEST EYEBALL FIT
2 (1515»0} BAREYRE 68 RVUE PHASE-SHIFT ANAL

2 WHERE SPEED IS GREATEST - EYEBA(.L FIT
3 t 15hl ~ 0} OONNACH1 68 RVUE PHASE-SHIFT ANAL
3 (1520 ) OQNNACHZ 68 RVUE PHAS SHIFT-CERN1
3 (1526.) KIRSD PP 68 RVUE PHASE SHIFT ANAL

3 WHERE HAX ~ 4BSORPT ION IS DDNNACHIG 2 EKIRSQPP EYEBALL FIT CERN 1
h (1512 0) OAVIES 68 RVUE P-5 ANAL SOL A

5 (1512' 0) DAVIES 68 RVUE P 5 ANAL SOL B
5 SOL 8 IS E ~ 0 FIT TD SAME DATA START FROM CERN I EXPER ~ (DQNNACHl 68)

9/66
9/66

11/67

11/6 7

6/6 8
10/69»
10/t 9»
10/69»
8/6 9»
8/69»

BAREYRE 6h PL 8 137 tBRICHAN VALLADAS VILLET +
BAREYRE 65 PL 18 342 +BRICMANE STIRLING ~ VILLET
OALITZ 65 PL lh 159 R H DALITZ ~ R G MOORHQUSE
JCHHSDN 67 UCRL 17683 THESIS C H JOHNSON

THE FOLLOMIHG ARE THEORETICAL PAPERS CONCERNING THE
RESNICK 66 PR 150 1292 L RESNICK
SCHWARZ 66 PR 152 1325 J H SCHWARZ
BALL 67 PR 155 1725 JS BALL ~ GL SHAME QY MDNG
GOLDBERG 67 PR 15h 1558 H GOLDBERG

(SACLAYECAEN) IJ
(SACLAY) IJP

(OXFGRTHFD)
(LRL )

N»1/2( lh10)
(NfELS BOHR)

(LRL)
(UCLA EUC I ~ UCSD}

(CORNELL)

»4 e»4»»4 e e»»asses«s»»»os»»»»s»» os«»o eec»»»414 e»4I»e»»»4» s»4 »4»e»
»4 »4 4 e 4 »»a»»»«a »4 »so«»4 «eee«4 e»ea ee4 4»e e»4 «4 eee»4 »4 e»4 4 4 ass« «4 4 ee«4 a

62 N»1/2(1520) WIDTH t MEV)

1 (125' 0}
2 (110 0)
3 ( lh9 ~ 0)
3 (1lhe)
3 (115 ' )
h (106 ' 0)
5 (125.0)

SEE THE NOTES ACCQi"PANY ING THE

BAREYRE 68 RVUE
BAREYRE 68 RVUE
DONNACHI &8 RVUE
DQHNACHZ 68 RVUE
KIRSQ PP 68 RVUE
DAY IE 5 68 RVUE
DAVIES 68 RVUE
MASSES QUOTED»

62 N»l/2(15ZO) PARTIAL DECAY HQDES

P HAS ~ SHIFT-CERN1
PHASE SHIFT ANA(
P-5 ANAL SQL A

P-5 ANAL SQL 8

11/6 7
11/6 7
6/68

10/6 9»
10/6 9»I

8/69»

P1
P2
P3
Ph

P6
P7

$«4 the i)tutti«ted keY pr«4«diirt) the

Nel/2f1520) INTO Pf N

Ne 1/2(1520) IHTQ N»3/2(123&} PI
N»1/2(1520 l INTO N PI PI
N»1/2(1520)+ INTO NEUTRDN PI+
N»1/2(1520)+ INTO PROTON Pl+ P [-
NI» 1/2( 15201 INTO )4 ETA
Nol/2(1520) INTO N SIGMA {SIGMA MESON)

data card iietirGBe.

DECAY }(ASSES
139+ 938

1236+ 139
938+ 139+ 139
939+ 139
938+ 139+ 139
939+ 5h8
939+ h10
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Data i)} parcl thcscs I}ai}c 7}ot bcc}L i}}clgdcd i}s o}}r aTIcragcs.

BARYON RESONANCES

62 Nt I/2( 1520} BRANCHING RATIOS

Rl Nt 1/2(1520) INTO t PI Nl /TOTAL
Rl {0' 541 BAAEYAE 68 RVVE
Rl 3 (0 ' 509) OONNACHI 68 RVVE
Rl 3 t 57} DGNNACH2 68 RVUE
Rl 3 I 57) KIRSOPP 68 RVUE
Rl 4 {0»451 OAVIE$68 RVUE
Al 5 (0 49) OAVLES 68 RVUC

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED'

t Pl ) ITOTAL
11/67
e/68

PHAS ~ SHIFT CERN1 10/69«
PHASE SHIFT ANAL 10/694
P 5 ANAL SQL A 8/694
Ps ANAL SOL 8 8/694

RZ
A2
RZ

R3
R3
R3
R3
R3
R3

Nei/2(15201
LARGE
LARGE
LARGE
LARGE
(.ARGE

INTO {N«3/2f 1236) PI )I (N Pl Pl)
THUR)I}AVER 65 RVUE
NAMYSLOWS 66 RVUE
ROBERTS 67 RVUE
AOSENFELD 67 RVUE
MORGAN 68 RVUE

(P2)/ (P3)

ISOBAR MODEL

I I /67
11/67
11/67
11/67
6/68

Nel/2(1520) INTO (PI Nl/{Pl N«3/2l 1236) 1 f Pl) /(P2)
{0»421 OR LE$5 LEE 67 4+C

R5 N«1/2l 1520) LNTQ (N ETA}/TOTAL
R5 D (0 006) APPROX DAY IES

DAVIES 67 GIVES SEVERAL VALUES DEPENDING
R5 (0»014) BGTKE
R5 (0»003) (0 ~ 001) DEANS

{P6)/TOTAL
67 RVUE 11/67

ON INPUT DATA» ALt. ARE SMALL
69 RVUE T POLE+RES ~ FIT A 10/694
69 RVUE T POLE+RES ANAL 8/694

Nti/2(1520) INTO (N SIGHA)/TOTAL
PRQBAB(.Y PRESENT MORGAN

{P7) /TOTAL
68 RVUE ISOBAR MODEL 6/68

444444 444444444 444444444 444444444 444444444 ttttttttt
REFERENCE5 —N«1I2(15201

SEE A PREVIOUS EDITION (AMP 37 633 ~ 1965) FOR EARLIER REFERENCES ~

ALMOST THE ENTIRE INELASTICITY Is IN N PI Pl (ONLY N ETA COULD COMPETE
AND IT DOESNT) ~ THE N P I Pl SEEMS TO BE MAINLY N«3/2{ 1236) Pl ~ IN BOTH
5 ANO 0 WAVES»

Nt 1/2 l 1520) INTO t N«3/2{ 1236) P I )/TOTAL t PC) /TOTAL
DOHINANT If{EL DECAY OLSSQN 66 RVUE PI P TQ Pf Pl N 9/66
0 ~ 20 0 ~ 05 KIRZ 66 HBC 0 ASSUHING RL~Q ~ 72 9/66

e3 Ntl/ZI 1535) BRANCHINS RATIos

RI
Rl
Al
Rl N

Rl
Rl 3
Rl 3
Rl 3
Rl 4
Rl 5
Al

Net/2(1535} tNTO (PI
{0'69)
{0' 321
(0' 71) OR 0»2S
(0' 311 OR 0»43
(0»696)
(»33)
f 3)

(0 ~ 36)
(0» 35)
(0» 331

N ) ITCTA(.
HENDR Y
M ICHA EL
UCHI YAMA

DA VIE 5
OQNNACH 1
DONNACH2
K IRSOPP
DAVIES
DAVLE 5
OELCOURT

65 RVVE
66 AVUE
ee RVVE
67 RVUE
68 RVUE
6S RVUE
68 RVUE
68 RVUE
68 RVUE
69 CNTR

IP1)/TOTAL

SEE NOTE GN Hiss
PIP TG N ETA ~ SrC

PHAS ~ SHIFT CERNl
PHASE SHIFT ANAL
P-5 ANAL SOL A
P 5 ANAL SOL 8

9/66
9/66
9/6&

11/67
6/6 8

10/694
10/69«
S/69«
S/694
8/694

R2
R2
RZ
RZ N

RZ
R2
R2

Nel/Zl1535) INTO (N ETA)/TOTAL
DOMINANT LNEL DECAY HENDRY

(0»6$) MICHAEL
(0' 29) OR 0 ' 71 UCHLYAMA
(0 ' 691 OR 0»45 OAV IE 5
(0»66) DE LCD URT
(0 ' 36) (0»05) DEANS

65 RVUE
66 RVUE
66 RVUE
67 RVUE
69 CNTR
69 RYUE

(P2)/TOTAL
9/f e
9/66

SEE NCTE ON MA5$9/66
PIP TO N ETAsBrC 11/67

8/69s
T POLE+RES ANAt. 8/694

HENDRY 65 pL 18 171
REVIEWS EARLY
EXPERIMENTS»

MICHAEL 66 PL 21 93
UCHIYAMA ee PR 149 1220
DAVIES 67 NC 52A 1112

A W HENDAYr R G HOORHOUSE (RTHFD}
PHASE SHIFT ANALYSIS RESULTS ANO PI P TO ETA N

WE TAKE NUMBERS FROM THE SOLUTION USIIIIG BRANOSEN 65
C MICHAEL (OXF)
F UCHIYAMA CAMPBELLr R K LOGAN {LLL)IJP
A T OAVLES R G MGGRHOUSE fGLASGOW RTHFO)

BAREYRE
OONN AC H1
DONNACH2
DAY LES
KIRSOPP
DELCOURT
DEANS

68 PR 165
68 PL 268
68 VIENNA
68 VIEHNA
68 THESIS
69 PL 298
69 PR 177

1731
161
139
CONF»

75
2623

BAREYRE ~ C BRICMAN ~ G VLLLET (SACLAY} IJP
A OONNACHIEs R G KIRSQPPr C (OVELACE (CERN)LJP
DONNACHIE RAPPORTEUR ~ S TALK f GLAS)
A OAVLESrR MOORHOUSE (GLAS)
R G KIRSOPP (EGIN)
DELCOURT ~ LEFRANCDISYPEAEZ-Y-JORSA ~ + (ORSA)
5 R DEANS (UNIV 5 FLORIDA)

PAPERS NOT REFERRED TO IN DATA CARDS ~

444444 44444«ttt eeet«44«t «tee««ett ee«44«eee 444444««t 4««tet«et et«et«et

REFERENCES Ns'I/2( 1535)

BRANOSEN
ROPER
THURNAUE
KIRZ

NAHYS LOW

GLSSON
DAV LES
LEE
ROBERTS
AOSENFEL

65 PR 139 81566
65 PR 138 8190
65 PRL 14 985
66 PRIVATE COMM

NUMBER EXTRACTEO
66 PR 157 1328
66 PR 145 1309
67 NC 52A 1112
67 PR 159 1156
67 PREPRINT
67 IRVINE CONF

+OOONNELLr HOCRHOUSE
LO ROPERrRM WRIGHT' BT FELD
P G THURNAUER
J KIRZ

FROH DA7A DISCUSSED IN KIRZ 6
NAHYSLOWSKI yRAZMI ~ ROBERTS
M G GLSSON ~ G 8 YODH
A 7 f}AVIESg R G HOORHOUSE
+HOC 8 5 ~ ROE ~ 5 f NCL A IR r V ANDER
R G ROBERTS
A H ROSENFELOr P SOOING

{OURHAM ~ RTHFO)LJP
(LRL-LVMRrMIT)IJP

'f KOCH}
f LRl. }

3 ~

{STAN ~ ED INBr IC}
tWISC ~ HO)

(GLASGOW

r�'R
THFO)

VELOE (MICH)
{DURHAM)

(LRL)

f SAC{.AY }I JP
t CERN) I JP

(LRL I

THERE IS GETTING TO SE A WHOLE LITERATURE ON THE REACTIONS PI- P TG
ETA N ANO GAHHA P TO ETA P NEAR THRESH{)LD AND THEIR CONNECTION WITH
THE BEHAVIOR OF THE 511 AMPLITUDE AS DETERMINED IN PI P PHASE SHIFT
ANALYSIS» THE REiDER Is INVITED TO PERUSE THE FOLLOWING RATHER IN-
DIGESTIBLE COLLECTION ~ FURTHER REFERENCES HAY BE FOUND IN THESE ~

SRANDSEN 65 PR 139 81566 «ODONNELLs MOORHOUSE {DURHAHrRTHF0) IJP
BASIS OF NUMBERS 'WE QUOTE FROM HENDI{Y 65~

BAREYRE 65 PL 18 342 + BRICMANr STIRLINGr VILLET
LOVELACE 67 HELDELSERG C» 79 C LOVELACE
JCHNSON 67 UCRL-17683 THESIS C H JOHNSON

BAR EYRE
DAVIE5
DONNACH1
DONNACH2
K IRSDPP
MORGAN

SOTKE
DEANS

KIRZ
BAREYRE
CROUCH
DERADO
MERLO

J CHNSON

68 PR 165
68 VIENNA
es pL 268
68 VIENNA
68 THESIS
68 P R 1.66
69 PR 1SO
69 PR 177

1731
CONF»
16 L.

139

1731
1417
2623

P BAAEYAEr C BRICMAN ~ G VILLET {SACLAY)IJP
A DAVLESrR MGORHOUSE (GLAS)
A DONNACHIE ~ R G KIRSOPP ~ C LOVELACC (CERN) I JP
DONNACHIE RAPPORTEUR 5 TALK (GLAS)
R G KLRSOPP {

EGIN�}

D HORGAN (RTHFD)
J C BOTKE f VCSB}
5 R DEANS (UNIV 5 F(.ORIDA)

PAPERS NOT REFERRED TO IN DATA CARDS ~

63 PR 130 24S1 J KIRZ ~ J SCHWARTZ ~ A 0 TR IPP {LRL1
65 PL 18 342 + BALCHANr STIRLING& VILLET (SACLAYlfJ('
65 DESY CONF I I 21 + {BROWN ~ CED»HARVARDsMIT ~ PADOVA ~ WEIZMANN)
65 ATHENS CONF 24C +KENNEY ~ LAHSA ~ + (NOTRE DAME ~ KENTUCKY)
66 P ROY SOC 289 489 J P HERLO G VALLAOAS (SACLAV)
THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAR THE RESONANCES
67 UCRL-17683 THESIS C H JOHNSON {LRL)

BULOS
RICHARDS
JONES
BACCI
PREPOST
SLOOH

DOSSON
NINA)fi
BALL
LOGAN
MENCUCC I
DEANS
MINAM I
MOSS
DEANS
PAL

(HAWAII)
(OSAKA)

(UCLA)
LL (ILL)

{FRASCATI)
(VANDERBILT)

(OSAKA)
(LSU)

( VANDERBILT)
tNPL NEW DELHI)

MAINLY EXPERIHENTAL-
64 'PAL 13 48& + (BAGWNrSRANOEIS HARVARD FIT PAOOVA) I
66 PRL 16 1221 «CHLUrEANOI ~ HELMHOLZrKENNEYr+ (LRL ~ HAI{AI I) I J
66 PL 23 597 +8 INNIE rDUANE ~ HORSEYr MASON ~ + (IMPCOL ~ RTHFD)
66 NC 45A 983 +PENSG ~ SALVINI rHENCVCCINIr+ (ROMErFRASCATI) I JP
67 PRL 1$ 82 R PREPOSTy D LUNDQVLST D QUINN t STANFORD)
68 PAL 21 1100 +HEUSCH PRESCOTTr ROCHESTER tCALTECH)

HA INLY THEORET ICAL—
66 PR 146 1022 N OOSSON
66 PR 147 1123 5 HINiHI
66 pR 1c9 1191 J 5 BALL
67 PR 153 1634 R K LOGAN' F UCHIYAMA CA){PSE
67 NC CBA 579 C MENCUCCINI ~ . A REALE
67 PR 161 1466 5 R DEANS ~ W G HOLLAOiY
67 pR 162 1619 5 MINAMI
67 PR 163 1785 T A HOSS
68 PR 165 18&6 5 R OEANsr W G HOLLADAY
68 PR 167 1350 BK PAL

««tete 444««tete tet««tete etttttttt et«et«et« 444444«44 et«tet«et
e«44«t tete«t«44 et«et«ttt ete«44«44 4444444«4 444«4444« ««tat«144 tet«eeet

tet«et 44444«ttt tet««tete tet«tet«« etttt«444 et«tee«44 et«et«tet et«tet««
tet««tete tet«et«et «eeet'tete 44««tet«t et«et«tee «tet«tet

63 N«L/2{1535r JP&1/2 ) L&1/2

FOR DISCUSSIDN CONCERNING RESCNANf PARAMETERS CSEE NOTE
PRECEDING N'43/2{ 1236) ~

-63 Nel/2 {1535) MASS t HEV)

)I (1519 0) HENDRY 65 RVUE ETA N + Sll PI N

H (1570 0) MICHAEL 66 RVVE. FITS SAREYRE 511
N {1557»01 OR 1565»0 UCHIYAMA 66 AVVE FITS N ETA DATA

lf N FITTING GIVES TWO SOLUTIONS» PROBLEMS HATCHING Pl P PHASE SHIFT
H 1 ( 1535»01 BAREYRE 6S RVUE PHASE-SHIFT ANAL

1 WHERE CROSS SECTION IS GREATEST - EYEBALL FLT
}I 2 (1515»01 BAREYRE 68 RVUE PHASE SHIFT ANAL

2 WHERE SPEED IS GREATEST — EYEBALL F IT
}I 3 (1591~ 0) OONNACH1 &8 RVUE PHASE-SHIFT ANAL
M 3 ( 1550» ) DGNNACH2 6S RVUE PHAS ~ SHIFT CEAN1
M 3 (1440») KIRSOPP 68 RVUE PHASE SHIFT ANAL

3 WHERE HAX ABSORPTION IS -DGNNACHI r 2 r K IR SOPP EYEBALL FIT CERN 1
4 {1502»0} DAVIES 68 RVUE P-5 ANAL SOL A

H 5 l 1499»01 DAVIES 68 RVUE P 5 ANAL SOL 8
5 SOL 8 IS E ~ D FIT TO SAME DATA START FRGH CERN I EXPER ~ {DONNACHI 68)

H ( 1535»0 } (10~ 01 DELCOURT 69 CNTR PHOTQPRODUCT»

63 N«1/2{1535) WIDTH (MEV}

9/66
7/66
9/66

11/67

11/67

6/68
10/694
10/6 94
10/694
8/69«
8/694

8/694

Rl
Rl

RZ
RZ

R3
R3

RC
RC

R5
R5

A6
R6

Nttl520i
0 ~ 78

8 Nt(152D) PRODUCTION EXPERIMENTS

THIS INFORHATIGN REFERS TO EITHER THE 013 OR THE $11
STATE SEEN AT THIS MASS

INTO {N PI)/TOTAL PRODUCTION EXPERIMENTS
0»?4 BASSOMPIE 67 HSC + K+P TC K'a Ne 11/68

Ne(1520) INTO t NE{}TRON Pl+) /(P P I+ Pi-l
0 77 0 ' 45 ALEXANDER 67 HBC

Nt(15201 INTO (N Pl)/{N Pl Pl)
1 25 0»44 0 71 A BQR ELLI 67 HBC

Ne(1520}
0.00

INTO (N«3/2(12361 Pi l I tN P I PI )
0»09 A-BORELLI 67 HSC

Ht(1520) INTO tN Pl Pl )/TOTAL
(0»08) OR LESS SASSGMPIE 67 HBC

+ pp 5 ~ 5 BEv/c 9/66

0 PBAR P 5 7 BEV/C 9/66

PROD. EXP.
9/66

+ K+P TO Kt Nt 11/68

Net 1520)
0 22

INTO lN ETA)/TOTA{. PROD» EXP'
0 14 SASSOMPIE 67 HBC + K+P TO Kt )ft 11/68

1580 iCEV REOION — PRODUCTION EXPERIMENT

t130 ~ 0)
(130 Oi

N l 156»0} OR 144»0
1 (155»0)
2 t105»0)
3 {268 0) APPROX
3 (116 )
3 {160»)

{36»0)
5 (53 0)

( 120~ 0)
SEE THE NOTE5 ACCOMPANYING THE

HENDRY 65 AVUE
MICHAEL 66 RVUE
UCHLYAMA- 66 RVUE
BAREYRE 68 RVUE
BAREYRE f 8 RVUE
DGNNACH1 68 RVUE
DGNNACH2 68 RVVE
KIRSOPP 68 RVUE
OAVLES 68 AVVE
DAVLES 68 RVUE
DELCOVRT 69 CNTR
MASSES QUOTEO»

63 N«1/2(1535} PARTIAL DECAY MODES

SEE NOTE GN ){ASS

PHAS SHIFT-CERN1
PHASE SHIFT ANAL
P-5 ANAL SOL A

P S ANAL SOL S
PHOTOPRODUCT ~

9/66
7/66
9/66

11/67
11/67
6/68

10/694
10/694

8/694
8/694
8/694

A-BOA ELL 67 NC 47 232
ALEX ANDE 67 PR 154 1284
BASSGMPI 67 PL 258 440

444«ete «tet«tete tet«et«et «44444444 et«44'tee

REF ERENCE 5 -Ne (1520) PROD ~ EXP ~

ALLES-SOAELLL ~ FRENCH ~ FRISKrMICHEJDA t CERN)
ALEXANDER ~ SENARYrCZAPEKr+ (WEIZMANN{CERN))
BASSOMPLERREr + {CERNrBRUXELLES)

et«tet a«tee«etc tet««eeet tteeees«e et«tet«et «t4ettttt ttttstts4 44444«tt

END PRODUCTION EXPER IHENTS

teette as ttes4«e tee««tete et«et«tet «et«et«st et«tet«et 44«444444 44444444
««eeet tet««eeet «tet«stet etta«eeet et«et«tee tea««tete 444444444 44444444

Pl
PZ
P3

Nt 1/2 l 1535) I NTO P I N

Ntl/2(1535) ENTO N ETi
N«1/2(1535) INTO N Pl Pl

DECAY MASSES
139+ 938
939+ 54$
938+ 139+ 139

See fha illustrated keY pracedinS the data card )isfinSs.
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BARYON RESONANCES

Data is parcsti(cscs have sot bccs iscl((dcd is osr avcragcs.

45 Ntl/2{1688) PARTIAL DECAY MOORS

dh Ntl/2(L67QO JP»5/2») IEGI/2 Dg g
N ( P) FOR DISCUSSION CONCEGHING HESCNSHT FSHSIIETENS, SEE NOTE

6C N01/2(1470l MASS (MEV)

H {1650'0) BRANDSEH 65 RVUE PHASE SHIFT ANAL

I LdTC»0) DUKE db CNTR PI P EL + POL
M 1 ( 1480%0) SARKYRE 6$ RVUE PHASE-SHIFT ANAL

1 WHERE CROSS SECTION I 5 GREATEST EYEBALL FIT
2 ( L455 ~ 0 I BAREYRE 6S RVUE PHASE SHIFT ANAL

2 WHERE SPEED IS GREATEST EYEBALL FIT
ll 3 {1478~ 0) DONNACML 68 RVVE PHASE SHIFT ANAL

M 3 {1480el DONNACHZ 6$ RVUE PHAS ~ SHIFT CERN(
M 3 ( ld78 ~ l KIRSOPP 68 RVUE PHASE SHtFT ANAL

WHERE MAX ~ ABSORPTION IS -DONNACHLO 2 EK(RSOPP EYEBALL FIT CERN 1
h {Lbd9 ~ 0) DIVlf 5 68 RVUK P 5 ANAL SOL I

H 5 {Ldd7~ Ql OAVIES 68 RVUE P 5 ANAL SOL 8
5 SOL b IS E»D FIT TO SAME DATA START FROH CERN I EXPER ~ (DONNACHL 68}

7/66
6/6 8

1 1/67

11/67

6/6$
10/690
1 0/690
10/690
8/6 90
8/6 91

PL
P2
P3
Ph
P5
P6
P7
PS

RL
RL 1
RL 3
RL 3
RL 3
RL C

Ntl/2(1688) IHTO Pl H
Nt 1/2(1688) INTO N ETA
Nt 1/2{1688) INTO LAMBDA K
N01/2(1688) INTO N03/2(1236) PI
Nt 1/2( 1688) INTO H PI
Ntl/2t16$8)+ INTO NEUTRON Pl+
Ntl/2(14$8l+ tNTO PROTON PI+ PI
N01/Zt 1488)+ INTO N03/2{12'3d)++ PI

65 Nf I/2( 1688) BRANCHI HG RATIOS.

N01/2{16SS} INTO {Pl Nl/TOTAL
{0'ebh } BAREYRE 6S RVUE
(0%560) DONNACHL 48 RVUE

(%68) OONNACH2 68 RVVE
(%68}. KIRSOPP 68 RVUE

{0%5C) DAY{f5 48 RVUE
SEE THE MOTES ACCOVPANYING THE 'NISSES QUOT'ED

DCCAY MISSES
139+ 938
939+ 5CB.

1115+ C97
123d+ 139
938+ l39+ 139
939+ 139
938+ (39+ 139

1236+ 139

I Pl)/TOTAL
11/67
4/48

PHAS ~ SHIFT CERNL 10/690
PHASE SHIFT ANAL 10/6'lf

SOL A AND S 8/690

»~»»~a»»»»»»»»» dh Nf I/2 {]47Q) W I OTH {MEV) «»»»»»a»»T»» «»»»»»« MORE INFORMATICNS ON THE' IHELASTIC DECAY MODES OF THE 1690 MEV

BUMPE AS SEEN IN PRODUCTIOH EXPERIMENTS ~ MAY BE FOUND IN THE NEXT ENTRY

Pl
PZ
P3
Ph
P5

Ntl/Zt ld70) INTO Pl H
Ntl/2(1470) INTO N CTI
Ntl/2(1(170) INTO LAMBDA K
Nfl/2{ 1670) INTO N03/2{ 1236) PI
Ntl/2( 1470) INTO H PI Pl

6C Ntl/2(1670) bRANCHING RATIOS

W 1 ( 135%0) BAAEYRE 68 RVUE
W 2 {105~ Ol BIREYRt 48 RVVE
W 3 {173~ Ql DOHNACHL 68 RVVE
W 3 (173~ ) OONNACHZ 6S RVVE
W 3 tL75%} KIRSDPP 68 RVUE
W C (115%0) OAVIE 5 68 RVUE

SCE THE NOTES ACCOMPANYING THE MASSES QUOTtD»

.dh Ntl/2{1670) PARTIAL DECAY MODES

1 1/67
1 L/67
6/68

PHAS»SHIFT-CERN( 10/690
PHASE SHIFT ANAL 10/690

SQL A AND 8 8/690

DECAY MASSES
139+ 938
939+ 5CS

1115+ C97
123d+ 139

'93S+ 139' 139

$2
R2
R2
R2

R3
R3

Rh
Rh
Rh

Ntl/2(1688} INTO (H ETA}/TOTAL
(0~ 015} OR LESS TRIPP
{0%0004) BOTKE
{0%002) (Qe002) DEANS

Ntl/2(1688) INTO {N ETA)/(PI Nl
{0~ 027) OR LfSS HEUSCH

{P2) /TOTAL
47 RVUE 8/67
69 RVUt T POLE+RES EFIT A 10/d90
d9 RVUE 7 POLE+RES ANA(. 8/690

(P2) /(Pl)
dd RVUE + PIQE ETA PHOTO 9/66

Nf I/2{ 1688) INTO {LAHSOA K) ITOTAL
(0~ 0013) OR LESS TRIPP
(0»QQL) OR LESS RUSH

{P3)/TOTAL
67 'RVUE
6$ RVUE 7 POLK+RES ANAL

8/67
8/690

000000010 tftttftff 000000000 000000000

REFERENCES N01/2( Ldbbl

SEK A PREVIOUS KDITION (RMP 37E d33E 1965) FOR EARLIER REFERENCES»

{P1)ITOTAL
LL/47
6/6 8

'P HIS ~ SH IFT»CERNI 10/690
PHASE SMIFT ANAL 10/690
P 5 ANAL ' SOL A 8/4 90
P 5 ANAL SOL $. 8/d90

R2
RZ
RZ
RZ

Nfl/2{1470) INTO (l{ ETA)/TOTAL
(0.025) OR (.ESS TRI~P
{0%018} BOTKE
(0%003) (0%004} DEANS

(P2)/TOTAL
47 RVUK 8/67
d9 RVUK 7 POLEeRES ~ FIT I 10/690
49 RVUE T PCLEeRES ANAL 8/690

Rl N01/2{1470) INTO {PI N)/TOTAL
RL 1 (Oehl l BAREYRE 68 RVUE
Rl I 0 ~ 391) DOHNACHL 6$ AVUE
RL 3 ( %39) DOHNACHZ 48 RVUE
Rl ( ~ 39l KIRSOPP 68 RVUf
RL {0%50) OIVIES 6$ RVUE
Rl 5 {0»C3) ~ DIVIES 68 RVUK

SKE THE NOTES ACCOMPANYING THK MASSES QUOTED»

BAINDSEN
HEUSCH
TRIPP
BARf YRE
DAVIES
DONNACHL
DOWN ACH2
DUKE
K IRSOPP
RUSH

65 PL 19 C20
bb PRL 17 1019'
47 NP $3 10
68 PR 145 L73L
68 VIENNA CONF ~
48 PL 268 161
68 VIENNA 139
48 PR 146 Lhhb
6$ THESIS
68 PR 173 1774

SOTKK 49 PR 1$0 1417
DtANS d9 PR 177 Zd23

J C BOTKK
5 R DEANS

{UCSB)
(UMIV S FLORIDA)

fODONNELLO HOORMOUSE {DURM AM RTHFO ) IJP .
C I MEUSCHE C Y PRf SCOTT ~ R F DASHE N (C IT)
+ LEITHE 0 (LRL ~ SLACHCERN ~ HE(OEL ~ SACLAY)
P BIREYRKE C BRICMAN ~ G VIL(.ET (SACLAY) I JP
A DA V I E5 ~ R HOOR HOUSE (GLAS)
A OONNACHIE ~ R G KIRSOPPE C LOVKLACE (CERN} I JP
DONNACHIE RAPPORTEUR ~ 5 TALK ( GLAS')
0JONESeKKMP yMVRPHY ~ THRKSHCR ~ + t RTHFD EOXF}I JP
R G KIRSOPP (ED IN)
J E RUSH (UNIV ALABAMA}

R3
R3
R3

Hf 1/2{ ld70) INTO {LAMBDA K l/TOTAL
IQ»014) OR LESS TRIPP
IO»001) OR LESS RUSH

{P3)/TDTAL
67 RVUE
68 RVUE T»POLE+RtS ANAL

BRANOSEN
TRIPP
SIREYRE
OIV I ES
OONNACHL
DONNACH2
DUKE

K IRSOPP
RUSH
SOTKE
DEANS

65 PL 19 420 +OOONHELL ~ MOORHOUSE (DURHIH ~ RTHFO} IJP
67 NP $3 10 + LEITHE + (LRLGSLACGCERNEHEIOEL ~ SACLAY)
48 PR 145 1731 P SAREYRE ~ C BRICMINE G VILLET (SACLAYllJP
68 VIENNA CONF ~ A DIVIES R MOORHOUSE {GLAS)
68 PL 26$ Lbl A DONNACHIKE R G KIRSOPP ~ C LOVELACE (CERN) I JP
68 VIENNA 139 OONNACHIE RAPPORTEUR»5 TALK (GLAS)
68 PR 144 LCCB +JONES ~ KEMP ~ MVAPHY y THRESHERO + (RTHFOOOXF ) I JP

INSIGHTFUL QUALITATIVf ARGUMENTS CONCERNING EXISTfNCE ANO IJP ~

68 THESIS R G KIRSOPP (ED IN)
4$ PR L73 1774 J f RuSH {UNIV ALABAMA)
69 PA 180 LC17 J C SOTKt' (VCSB)
69 'PR 177 2623 5 R DEANS (UNIV 5 FLORIOI)

SEE NOTE PRfCEOING TME Ntl/2{1688) INELASTIC DECAY MODE MEASURtMENTS ~

100000 000000000 000000000 tfffffftf fttfftfff 000000000 000000010 00000000

REFERENCES Nfl/2(1470)

8/67
8/690

PAPERS HOT REFERRED TO IN DATA CARDS ~

DUKE 65 PAL 15 hb8 +JONES ~ KEMP ~ MURPHY PRENTICE ~ + (RTHFO OXF) IJP
CROUCH 65 DESY CONF I I 21 + (BROWN CEAEHARVARD MIT ~ PAOOVA ~ WEILMANN)
OERADO 65 ATHENS CONF 2CC eKENNEYELAMSAH + (NOTRE OAME ~ KENTUCKY)
MERLO bb P ROY SOC 289 C89 J P MERLON G VALLAOAS (SACLAY)
ROBERTS 67 PRE(SR INT R G ROBERTS {DURHAM)
BANNER 68 PR 166 1347 +DETOEUF ~ FAYOUXeHAMEL ~ + I SICLAY ~ CAEN)

THE ABOVE PAPERS DISCUSS INELASTIC CHANNELS NEAR THE BUNP»
SARKYRE 4I5 PL 18 342 + B((ICHAN ~ STIRLING ~ VILLET (SACLAY) I JP
JOHNSCH 47 UCRL 17683 'THESIS C H JOHNSON tLRL l

000000 ffttttfft 100010110 001010000 000000000 000000000 ttftttftt 00111tft
tttttt 011100000 000000000 tffffttff 000010111 000000000 tttttffft tttt1ttf

Wll

Lyypp
dd NFI/2IITGG JF. I/I I I I/2 Ss s
FOR DISCUSSION CONCCRHING RESONANT PARAHETERS SEE NOTE
PRECEDING Nf 3/2 ( 1236 ) ~

»»a» ~ «» » 44 Ntl/2(17QQ) HISS {MfV) »»»»»» »»»»»»««»»~a»a»»a

PIPER MOT REFERRED TO IM DATA CARDS ~

DUKE 45 PRL 15 Cbb +JONES ~ KEMP ~ MURPHYEPRENTICE ~ + ' (RTHFDOOXF) I JP
bAREYRE 65 PL 18 342 + BRIC HIN ~ ST I R L IN G ~ V I (.L ET {SACLAY)IJP
JCHNSOH 47 UCRL 17483 THESIS C H JOHNSON (LRL)

tet et 100'tftttt 000000000 010001010 001000100 000011000 fttf ftttf tttttttf
000010 tttttftft 10000fttf 001100000 100000100 tf001I 000 +++~ tffft ffttffff

d5 Ntl/2(16$8o JP 5/2+) ldsl/2 Fj I
N (1888) FOR OISCUSSIOH COHCENHING 2 ~ SOUGHT FANIIIETEES, SEE NOTE

PRECEDIMG Nf 3/2(123dlo

(1695%0) SRANDSEM 65 RVUK PHASE SHIFT INAt.
{L700%0) NICHAEL bd RVUE FITS BAREYRE 511

1 (1710%0) SARCYRK' 68 RVUE PHASE SHIFT ANAL

1 WHERE CROSS SECTION. 15 GREATES}' EYEBALL FIT
2 t 1665~ 0) BAREYRE dS RVUE 'PHASE SHIFT ANAL
2 WHERE SPEED IS GREATEST EYEBALL FIT
3 (1710%0) DONNACHL 4S RVUE PHASE-SHIFT ANAL
3 (1710%) OONNACHZ db RVUE PHAS ~ SHIFT CERN(
3 (1709%) KIRSOPP 48 RVVE PHAS'E SHIFT ANAL

3 'WHERE HAX» ABSORPTION IS DONNACHL ~ 2 ~ KIRSOPP EYEBALL F1 7 CERN I
( I 766% 0) DAVIES 68 RVUE P 5 ANAL SOL A

5 ( L4I7L» 0) OAVIES 48 RVVE P 5 ANAL SOL 8
5 SOL 8 IS EeO FIT TO SAME DATA START FROM CERN I fXPER ~ {DONNACHL 6$}
6 (1705%0l (10%0} OR(TO 69 RVUE K LAMBDA PS AHAL

9/66
7/bd

11/67

1LI47

8/68
10/690
10/490
10/6 90
8/690
8/490

8/690

65 Nfl/211688) MASS (MEV)
»» Ntl/2()700) WIDTH (HEV}

W

W

W

W

W

W

W

1 tlLQ»Ol
(105~ Ql

3 ll77 0)
3 (L32 ~ )
3 {130»l
C tLOC»0)
5 {123%0}

SEK THE NOTES ACCOMPANYING THE

BAREYRE dB RVUK
SAREYRE 6S RVUE
DONNACHL 68 RVVE
DONNACH2 bb RVVE
KIRSOPP 48 RVUE
OAVIES 48 RVVE
DAVIE5 4IB RVVC
MISSES O)OTEDo

PHAS» SHIFT-CERNI
PHASE SHIFT ANAL
P 5 ANAL SOL
P-5 ANAL SOL 8

(1680' 0) BRANIDSEN 65 RVUE PHASE SHIFT ANAL

( ld$2 ~ 0) DUKE 68 CNTR PI P fL + POL
1 (L490 ~ Ql BAREY RE 68 RVUE PHASE-SHIFT ANAL

1 '
WHERE CROSS SECTION 15 GREATEST EYEBALL FIT

2 I 1480%0) BAREYRE 68 RVUE PHASE SHIFT ANAL

2 WHtRE SPEED IS GRtiTEST EYEBALL FIT
3 (1687~ 0) DONNACHL 6$ RVUE PHASE SHIFT ANAL

3 ( 1490% ) DONNACHZ 6$ RVUE PHAS» SHIFT CERNL
3 ( Ld')2 ~ l KIRSOPP 68 RVUE PHASE SHIFT IHAL
3 WHERE MAXe ABSORPTION IS DONNACHL ~ 2 EKIRSOPP EYEBALL FIT CERN I
4 (1685%0) DAVIES 68 RVUE P 5 ANAL SOL A

5 ( Ldbheol DAVIES 68 AVUE P 5 ANAL SOL 8
SOL b IS EeD FIT TO SAHE DATA START FROH CERN I EXPER ~ (DONNACHL 68)

65 Nf I/2{ Lbbb} WIDTH {MEV)

7/66
6/68

1L/67

I I/67

4/6 8
10/490
10/690
10/
8/691
8/4 90

11/67
11/67
6/68

10/690
10/490
8/690
8/690

(2CO ~ 0}
1 {Zboe0)
2 (110 0}
C (CQC ~ Ql
5 {121~ 0)
3 ( 300%0)
3 (300e l
3 (300 ' }
6 {10C»0) {L

SEE THE NOTES AC

P»5 ANAL, SOL I
5 ANAL SOL 8

PHAS ~ SHIFT CERNL
PHASE SHIFT ANAL

»» Ntl/Zt 1700l PARTIAL DECAY MODf5

Pl
P2
P3

Ntl/2(1700) INTO Pl N
Nt)/2(1700) INTO N ETA
kt I/2( L700} INTO LAMBDA K

DECAY MISSES
139+ 938
9390 5CS

11150 C97

RL
RL
RL C
RL 5
RL 3
Rl 3
Rl 3

bd

Nt 1/2(1700)
(1%0)
(Qe56)
(0 ~ 51 )
(0%79)
(%79)
(%79)

Mt 1/2 ( 1700} SR ANCM t NG

INTO (PI N)/TOTAL
APPROX MICHAEL

DAY IE5
DAY IES
DONNACHL
DONHACH2
K IR 50 PP

RIT IQ5 a»»»»»»»»«»»

(Pl )/TOTAL
64 RVUE
48 AVVE P 5 ANAL SOL A

68 RVUE P-S ANAL SOL b
48 RVUE
68 AVUt PHAS ~ SHIFT CERNL
68 ~ RYUE PHASE SHIFT ANAL

MICHAEL 66 RVUE
BAREYRE 6$ RVUE
BAREYRE 6$ AVUE
DAVIES 68 RVUE
DAY ICS db RVUE
DONNACHL 68 AVUE
DONNACH2 68 RVUE
KIRSOPP 4S RVUE

5~ 0) OR I TO 69 R VUE
CO)EPANYING THE MISSES QUOTED ~

7/66
11/67
11/67

8/6 90
8/690
8/690

10/490
10/490
8/d90

7/64
8/690
8/690
8/690

10/490
10/690

See the ilhse(re(ed key pwoediny the drte cerd lietinBL



iTO Rrvrzws Or MoozRN PHvsrcs ~ I:niUARv 1970

BARYON RESONANCES
Data in parentheses hat/e not been included in our averages.

PAPERS NDT REFERRED TO IN GITA CARDS
A2 ){tf/2(1700) INTO (LAMBDA l{)elPI N)/TOI'A{. 112 (P31P 1 ) /TOTAL112
R2 0 ' 039 00019 GRITO 69 RVUE 8/&91 HERLO 66 P ROY SOC 289 489 J P MERLGE G VALLAGAS {SACLAY)

R3
R3

R4
R4
R4

Ntl/2(1700) INTO (LAHSD4 K)/TOTAL
(00028) APPROX RUSH

Htl/2(1700) I NTO (N ETA)/TOTAl.
(00013l SOT KE
(0 04ll (00016) DEANS

(P3)/TOTAL fttttttte tefeffeef toffee'fet tteftette teefteeee fte111111 tttet111
68 T-POLE+RES ANAL 8/691

END PRODUCTION EXPERIMENTS'I P2) I TOT IL
69 RVUE 7 POLE+RES»FIT I 10/691 teeeet Ofteeetee eeteeeeee eteeeteee eeeeeeeee eeet'eeefe Oeeeeeete teeeetee
69 RVUE 7 POLE+RES AHAL 8/691 eeeeee eteeeeee'1 eeteeeeee eteeeeeee eeeeeeeee eeeeeeefe eeet teeeo eoeeeeee

SRANOSRN
MICHAEL
BAREYRE
OAV IC 5
DGNNACHI
OGNNACHZ
K IR SOPP
RUSH

65 PL 19 420
66 PL 21 93
68 PR 165 1731
68 VIENNA CONf 0
68 PL 268 161
68 VIENNA 139
68 THESIS
68 PR 173 1776

+OOONNELL» HCGRHGUSE (DUltHAlt ~ RTHFO) IJP
C MfCHAEL {GXF)
P BAREYRE ~ C BRICMAN ~ G VILLET lSACLAY)IJP
I DAVIES»R MDORHOUSE {GLAS)
I OGNNACHIE» A .G KIRSGPP ~ C LOVELACE {CERN) IJP
GONNACHIE, RAPPORTEUR ~ 5 TALK {GLIS)
R G KIRSOPP {EGIN)
J E RUSH (UNIV ALABAMA)

BOTKE
DEANS
ORITO

69 PR 180 1417
69 PR 177 2623
69 LNC I 936

J C BQTKE
5 R DEANS
5 ORITO»5 SASAKI

IUCSB)
(UNIV 5 FLORIDA)

{TOKYO OSAKA)

eeefeo oetttf tet ef etftftf teeeeeeof ettteefot ttttefefe ~ eeetfttee tteetett
REFERENCES NeL/2I1700)

~II
14 liel/2t 1780» JP221/2» ) IERL/2, ~'f f

N(178Q} FOR O[SCUSSION CONCERNING RESONANT FARAIIETERS, SEE NOT ~
PRECEDING N13/2(123&i ~

14 N11/2(1780) M455 IMEV)

3 {L751 ~ 0) DCN{IiACH1 68 RVUE PHASE-SHIFT ANIL
3 l 1750 ~ ) OGNNACH2 68 RVUE PHAS ~ SHIFT CERNL
3 ( 1860~ ) KIRSQPP &8 RVUE PHASE SHIFT ANIL
3 MHERE MAX ABSORPTION IS -DONNACHLE 2 EKIRSOPP EYEBALL FIT CERN 1

l 1770 '0) DAVIES 68 RVUE P-S ANAL SOL A

5 (1867~ 0) DAVIES 68 RVUE P 5 ANAL SOL 8
5 SOL 8 IS E ~ D FIT TG SAHE DATA START FROM CERN I EXPER {OGNNICHL 68)
6 {164000) {70 ~ 0 l ORITG &9 RVUE K L, AMBDA PS ANAL

8/691
10/691
10/691
10/d91
8/691
8/d91

8 /691

PAPERS NOT REFERRED TO IN DATA CARDS'

SAREYRE 65 PL 18 342 + BRICMAN STIRLING» VILLET
JCHNSQN 67 UCRL 17683 THESIS C H JOHNSON

(SACLAY) IJP
{LRL)

~It
N(17QQ} IO N ~ I/EIITOO JF 3/2 I I I/2 Dfa

feeeof eeteefeee eeftotere oetttteef eeffefeff eeeeeeeee eeeeotoet feetfeet
toffee tttttettt eefttettf ofttttfff 11111111ftteefeetf ttetttttt ettteeet

M 3
W 3
M 3
M 4

5
M

14 Net/2{ 1780) WIDTH l MEV)

(32700)
l327 ~ )
l2700)
(445 ' 0)
{52' 0)
( 31000) (5000)

SEE THf NOTES ACCOMPANYING

DONNICH1 68 RVUE
OONNICH2 68 RVVE
KIRSGPP 68 RVUC
DAY IE 5 68 RVVE
OAVIE S 68 ltVUE
GRITG 69 RVUE

THE MASSES QVOTEDOP EY

14 Nel/2(1780) PARTIAL DECAY MODES

PHIS ~ SHIFT CERHL
PHASE SHIFT ANIL

SOL A
SOL 8

8/6 91
LQ/69 ~
10/691

8/d 91
8/6 91
8/691

FOR DISCUSSION CONCERNIHG RESONANT PARAMETERS ~ SEE NOTE
PRECEDING N13/2t 1236)~

18 Nf 1/2t 1700) MASS (MEV)

I{ 3 ( 1&SOe ) KtRSOPP {8 RVVE ~~ASE SHtfT AHA{. 10/691
lt 3 I 1730~ ) DGNNACH2 d8 RVUE PHASE SHIFT CERNL 10/691

3 WHERE H4X ~ ABSORPTION IS «DONNACHL» 2 EKIRSOPP EYEBALL f IT CERN 1 10/691

Pl
P2
P3

Ntl/2{ 1780) INTO Pl N

Nfl/2{ 17SO) INTO LAMBDA K
Nel/2(17SO) thTG lt ETA

14 Nf L/2(1780) BRANCHING RATIOS

DECAY i{ASSES
139+ 938

1115+ 497
939+ 548

18 Nfl/2(1700) WIDTH (HEV)

PL

18 Nfl/2{1700) PARTI4L DECAY MODCS

Nt 1/2I 1700) INTO P I N

DECAY,MASSES
L39+ 938

of toft oteteetet feefeeeee et»effete oteefefto ffoeeefft etatteeet tfftttef

RL
Rl 3
Al 3
Rl 3
Rl 4
Rl 5

Nfl/2(1780)
(0 ' 32)
{032)
{~ 32)

t0 F 43)
(0 30)

INTO {PI N)/TOT4L
DONNIGHL 68 RVUf
OGNNACH2 68 l{VUE
KIRSOPP &8 RVUE
OAVIE5 68 RVUE
DIVIES 68 RVUE

RZ Nel/2(1780) INTO (LAMBDA K)f {Pf N)/TOTAL112
RZ 0 ' 004 0 ' 003 QRI70 69 RVUE

(Pl) ITGTAL
8/691

P Hi 5 ~ SH IFT C ERNL 10/691
PHASE SHIFT ANAL 10/691

SGL I 8/691
SOL b 8/691

t F21PL)/T OTAL f12
8/691,

DGNNACH2 68 VIENNA 139
KIASOPP 68 THESIS

RCFERENCES Nfl/2(1700)

OGNNACHIE RAPPORTEUR ~ 5 TALK
R G KIRSOPP

. (GLAS)
{EDIN)

1V00 MEV SEQLON — PQOQUCTEON XXPXRIREMTs

~ teettetoo oeefofeot eeeeeeeee 111fetttt tffeftett octet ~ete feetfeet
tof f11 tf tt11111 111111111eteeef oft 1111111t1ee1111111 tete teett ef tteeet

R3
R3

R4
R4
R4

Nf 1/2 {L TSO ) INTO t L AHSOI K ) /TOT4L
{0' 003)TO 00065 RUSH 68 RVUE

tPZ) ITOTA{.
7-POLEeAES ANAL 8/6'9'1

N11/2(1780) INTO IN ETA)/TGTIL
(0 ~ Ll {0' 04) ORANS
(0' L9) BOTKE

(P3)/TOTAL
69 RVUE T POLE+RES ANAL 8/d')1
69 RVVE T POLE rRES»FIT I 10/691

ttftt ~ ttt toff tfeff ottttttet et ettt ttt teftettte 111111111f1111~11

REFERENCES Ntl/2{L780)

M

lt
H

(169500]
t 1734 ~ 0)
(1730~ Gl

190{169J~ )

20 Ntt1700) PRQDUCTIQ{ EXPERIMENTS

20 Nt l1700) HASS tM EV)

(9 ~ 0)
(2100)
{ISING)
(15~ )

I BORELLI 67 HBC + PBAR P 5 7 SEV/C 8/67
ALMEIOA 68 HBC + Pf' 10 SEV/C 9/691
GALLO'MAY 68 HBC PI P 6 GEV/C 8/691
JESPERSEN 68 HBC PP 22 GEV/C 10/&91

DAY I E 5
DOl(NACHl
DONNACHZ
KIRSGPP
R U5H
BOTK E
DEANS
OR(TO

68 VIENNA CONF0
68 PL 268 161
&8 VIENNA 139
68 THE 5 I 5
68 PR 173 1776
69 PR 180 1417
69 PR 177 2623
69 LNC 1 936

A GAVIESER HOGAHOUSE (GLAS)
A DONHACHIE» R G KIRSOPP» C LOVELACE (CERN)f JP
OONNACHLE R4 PPORTEUR ~ 5 TALK (GLAS)
A G KIASGPP (EGIN)
J E AUSH tUNIV ALABAMA)
J C BOTKE {UCSBl
5 R OEINS (UNIV 5 FLORIDAI
S ORITO» 5 SISAKI (TOK YO OSAK I)

tteeee teteeteee eeeeetfee eteeeeetf tettoettt t11111111etetotttt 11111111
1111111111111111111111tttoe 111111111 1111*totII eeeeee»I11 toff tote

M {70AD)
M {140 ~ 0)

l55 ~ 0)
W 190 (2350)

20 Nt (1700) WIDTH (HEV)

(20 ' 0)
(57 ' 0)
(15 0)
(500)

20 Net 1700) BRANCHING RATIOS

I 80'REl. LI 67 HBC
ILMEIDA 68 HBC +
GALLOWAY 68 HBC
JESPERSEN 68 HBC PP 22 GEV/C

9/691
9/691
Sl &91

10/691

L5 Nt 1/2(1860 ~ JP 3/2+) I 1/2 pg a
N (1880} FOR OISCUSSION CONCERNING RESOHANT I'ARAIIET ~I,S, SE~ NOTE

PRECEDING N13/2(123dl ~

15 Nf 1 /2{ 1860l HASS (MEV)

Rl
lt 1

R2
RZ
RZ

R3
R3

Nf {1700) INTO (Pf N)/(Pl N13/2(1236)) PROOR EXP0
(0077) OR LESS LEE 67 HBC

Nf ll700) INTO (N ETA)/TOTAL PROD ~ EXPO
{0~ 025) OR LESS KRAEHER 64 DBC + Pl+0 1~ 23 BEV/C
(0 042)OR LE5$ {95PC CL) I-BGRELLI 67 HBC + PSAR P 5 7 BEV/C

No ('1700) INTO (LAMBDA Kl/(P Pl+ Pl-) P ROON EXP ~

(00034) OR LESS ALEXANDER 67 HBC f PP 5 ~ 5 BEV/C

11/67

9/6 6
9/691

11/ &7

3 I 1860~ 0) DQNNACHL d8 RVUE PHASE SHIFT ANAL
3 (18600) OONNACHZ 68 RVUE PHAS ~ SHIFT CEAHL
3 {19000 ) KIRSOPP 68 RVUf PHASE SHIFT ANAL
3 WHERf HAX ~ ABSORPTION IS DONNACHI» 2 rK IRSQPP EYEBALL FIT CERN I

I 18440 0) D4VIES 68 RVUE P 5 ANAL SQL I
5 {1854~ 0) DAVIES 68 RVUE P 5 ANIL SOL 8
5 SO{. 8 ls E ~ 0 FIT TO SAME DATA START FROM CERN f EXPER ~ (DGNNACHL &8)

{1860~ 0) APPROX (,EA 69 CNT{l Pf P ELASTIC

6/68
10/691
10/691
10/d 91
8/691
S/691

8/69t

R4
R4
R4

R5
R5

R6
R6

Nt (1700) INTO ({;AHSDA K)/TOTAL PROOe EXP'
{00013)OR LESS {95PC CLl I BORELLI 67 HBC +

SEEN CHINOWSKY 68 HBC PP TO K+ Y H

Nf (1700) INTO (N Pf)/(N PI Pl ) PR000 EXP ~

(1~ 26)OR LESS (9JPC CL) I-BORELLI 67 HBC +

Nt {1700) ENTO (N13/2{1236) Pl )/(N Pf P I ) PROD ~ EXP ~
NO EVIDENCE I-BGRELLI 67 HBC +

SEE MERLG 66 FOR A REVIEW

star
6/6 8

8/&7

8/6 7

W 3
M 3
M 3
W 4
W 5

15

(296F 00)
{2960l
t 3250 )
{449' 0)
(3070 0)

SEE THE

15

Nt I/2 {1860) )» I OTH l MEV )

DGNNACHI
GQNNACH2
K tRSG PP
DA VIE 5
DAY IES

NOTE 5 ACCOMPANY ING THf

68 RVUE
68 AVUE
6S RVUE
68 RVUE
6S RVVE

MASSES t)VOTED

PHASOSHIFT CER)II1
PHASE SHIFT ANAL

SOL A

SOL 8

Ne 1 /2( 18d0) PARTI AL DECAY MQDf 5

8/691
10/d91
10/691

8/d 91
8/691

R7
R7

RB
RB
RS
RS

Nt (1700) INTO INEUTRON Pl+) /I P PI+ PI ) PROD ~ EXPe
0 67 0040 ALEXANDER 67 HBC + PP 505 SEV/C

Nf t 1700) INTO (Nf(1236)++ PI )/(P Pt+ l'I ) PRO00 EXPO
0 74 0 ' 14 ALEXANDER 67 HBC + PP 5 ' 5 BEV/C

{L 0) .0 ' 3 ALMEIDA 68 HBC + PP 10 BEV/C
l0083) KAYAS 68 HBC PP 8~ 1 SEV/C

11/67

11/67
9/66

ll/6S

Pl
P2
P3
P4

Nfl/2 t 1S60) INTO, Pl N

Nt I/2( 1860 ) INTQ {.AMBDA K
Net/2{LB&0) INTO N ETA
Nt 1/2{ 1860) INTO N Pl Pl

15 Ntl/2l 1860) BRANCHING RIT10S

DECAY MASSES
139+ 938

1115+ 497
939+ 548
938+ 139+ 139

KRAEMER &4 PR 13& 8496
ALEXANOE 67 PR 154 1284I BOREt.L &7 NC 47 23Z
LEE &7 PR 159 1156

+HADANSKYO+ {J HOPKINS ~ NWESTERNEWOODSTOCK)
ALEXANDER» BENARYr CZAP EKE r (WE I ZMANN(CERN) )
ALLES BORCLLI rFREMCH»f RISK»NICHE JGA t CE'RN)
+l(OESS»ROC»SINCLAIR ~ VANOER VELOE (MICH)

efe eetfeeeee tettteeee tttetttee ofteteeee eeeeteete tteeeteee 1~etette

REFERENCES Ne IN PRODUCT EXPER{HENTS

Rl
Rl 3
RL 3
Rl 3
RL 4
Rl 5

.)LZ
R2

Nef/2(1860)
(0021)
( ~ 2L)
( ~ 25)

(0040)
(0' 26)

INTO (PI N)/TOTAL
OGNNACHL
DGNN4CH2
KIASOPP
OAVIE 5
DAY IES

N11/2t 1860) INTO {LAMBDA K)/TOTAL
t 00014) TO 00 16 RUSH

.dg RVVE
'. 68 RVUE
' 68 RVUE

68 RVUf
6S RVUE

&8 RVUE
(PZ)/TOTAL

T POLE+RES ANAL 8/691

(Pl)/TOTAL
St&91

PHAS ~ SH If7 CE RNL 10/691
PHASE SHIFT ANIL 10/691

SOL A 8/6 91
SOL B 8/691

ALMEIDA 68 PR 174 1638
CHINOWSK 68 PR 165 1466
JESPERSE 68 PRL 18 l368
KAYAS 68 NP 85 169
GALLOWAY 68 PL 278 250

+RUSHBROOKE ~ + {C4VNOSH»GESYICERN)) R3 Nfl/2(1860) INTO {N ETA)/TOTA{. {P3)/TOTAL
CHINOMSKY»KINSEYEKl. EIN ~ + tLRLRSLAC) R3 l000364) SOTKE &9 RVUE 7 POLE+RES»FIT I
JESPERSEN ~ KANGEKERNANELE4COCK ~ RHODE+ ( IGWI)
+GUYADER»SENE»YIDU»ALITTlr & (ORSAY SICLAY) totttf 111 satfttdet 11111t1tt tftfttfft fttttetff 11111tttf 111ttftf
GALLOWAY» AL YEA, CRITTENDEN PR tCl{ETT,+ t IHO)

Saa the illustrated kaY preceding tha dots card )isting».

10/691



PARTIcLL' DATA GRQUP Rer/seto of Prtrtsete Properties 171

BARY'ON RESONANCES
Data in parentheses have not been included i» our averages.

DAVIS 5
DONN A icHl
DONNACH2
KIRSQPP
RUSH
SOTK E
LEA

68 VIENNA
68 PL 268
68 V IENNA
68 THESIS
68 PR 173
69 PR 180
69 PL 298

CONF ~
161
139

1776
1417
584

REFERFNCES .» Nfl/2(1860)

A DAVIES ~ R HOORHOUSE (GLAS)
A DONNACHIE ~ R G KIRSOPPG C LOVCLACE (CCRN)tJP
DONNACHIE RAPPORTEUR' S TALK {GLAS)'
R G KfttSDPP (EDIN)

E RUS'H {UNfV ALABAMA)
J C SOTKE (UCSB)
LEAEOAOESGWARDGCOWAN ~ + (RHELESRISTOL ~ DARE)

N(1990)
17 Nt I/2(1990e JP227/2+ ) I=1/2

FOR OISCUSSIQN CONCERNING RESONANT PARAHETERSGSEE NOTE
PRECCOING N'13/2{1236) e

17 Ntl/2(1990) MASS (MEV)

~ tttt1 ttftttttt ttttttttt ttttttftt 11ttttftf tttttffft ttttttfft tttffftf
ftttttttf fs(ttttfft tttfttftt ttttttttt fttttttff

PL
P2
P3

71 Nfl/2(2190) PART(A(. DECAY HOOKS

Nfl/2{ 2190) INTO Pf N
Nt 1/2{2190) INTO LAMBDA I{
Net/2(2190) INTC N PI Pl

71 Nfl/2t 2190) BRANCHING i{ATIOS

DECAY MASSES
1391 938

LLI5+ 497
938+ 139+ 139

RL
RL
Ri
Rl 3
Rl 3
Rl 3

Nf 1/2( 2190)
(0 ~ 3}
(ON3)
tOG349)

'35 )
t ~ 35)

INTO (PI N)/TOTAL
APPROX D IDOENS
APPROX YQKQSAWA

DQNNACHl
OONNACH2
K IRSO PP

(Pi)/TOTAL
63 CNT{t
&6 CNTR
68 'RvuE
68 RYUE
68 RVUE

7/&6
7/6&
6/68

PHAS ~ SHIFT CERNL 10/691
PHASE SHIFT ANAL 10/691

ftftft ftftfttff 111111111111111111tt1111111*11111111tfffffftt 11111111
/

REFERENCES - Nfl/2{2190)

H 3 - {198340} DQNNACHL 6$ RVUE PHASE SHf FT ANA(.
M 3 {1995~ I KIRSQPP 68 RVUE PHASE SHfFT ANAL 10/691

3 WHERE MAX ~ ABSORPTfON I 5 DONNACHL ~ 2 rKlRSOPP EYEBALL FIT CERN 1 10/691
M {2000'0) APPROX LEA . 69 CNTR Pt-P ELASTIC 8/691

17 Nt 1/2( 1990) 'WIDTH ( ME V)

DIDOENS 63 PRL 10 262
HQHLER 64 PL ).2 149
YOKOSA WA 66 PRL 16 TL4
DONNACMI 68 PL 268 161
DONNACH2 68 VIENNA 139
KIRSOPP 68 THESIS
LEA 69 PL '298 584

+ JERKINS e KYC I A ~ RILEY (SNL ) I
G HOHl. ERG J GIESECKE (KARLSRUHE) I
+SUN A 5 Hf L L 5 ESTE R L ING ~ BOOT H tARG, CHI) JP
A DONNACHIEG R 0 KLRSOPPG C LOVE(.ACE {CERN}lJP
OQNNACHIE RAPPORTEUR ~ 5 TALK (f GL'AS )
R G KIRSDPP (EOIN)
LEAGOADES eWAROGCOWANe t (RHELG BRISTOLG DARE)

3 (225 0)
W 3 (250 ~ )

Pl
P2

DQNNA CHL 68 RVUE 8/691
KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/691

17 N1L/2{1990} PARTIAL DECAY MODES

DECAY MASSES
139+ 938
938+ 139+ 139

Ntl/2(1990) INTO PI N

Ntl/2(1990) INTO N PI PI

QUANTUM NUMBFR DETERHINATtONs NOT REFERRED TO IN DATA CARDS ~

CARROLL 66 PRL 16 288 +CORSETT DA}eERELLeM!DDLEMAS + (RTHFO OXF)J-L
CARRO{.L bb PRL 17 1274 +CORBETT ~ DAMERELL ~ MIDDLEMAse + {RTHFD OXF) J-L'

ERRATUH C}EANGING THE RATHER WEAK DETERMINATION OF J L TO +I/2 ~
KORHANYQ 66 PRL 16 709 KORHANYQSeKRISCHEQFALLONG + {MICH ~ ARG). P
BARGER 66 PRL 16 '913 V BARGER» 0 CLIME t'WISC} P
BUSZA .67 NC 52A 33L +DAY I 5 e DUFF sHEYMANNe + (UNtCOL eltESTF IELD I

fttttt ttttfttff ftttfftff tffffefft ftffffftf tfttfftff ftfttftft fttfffff
17 ttf1/2(1990) BRANCH(NG RATIOS tettttttf ftefttttf ttfttfttt tfftttttt ttttftttt ttfttfttt tttttttf

Rl
Rl 3

Nfl/2(1990) INTO (PI N}/TOTAL
: t ~ 09) KIRSOPP

(Pl) /TCTAL
68 RYUE PHAsE sHIFT ANAL 10/691 W & 3300 MEV «PRODUCTION AND ePT(07~ E~EMMEN&&

ttttft 1~ tttfttt 111111111fffttfttf tfttffftf ffftfffff 11111111111111111

DQNNACHL 68 PL 268 161
K IRSQPP 68 THE S I 5
LEA 69 PL 298 584

REFERENCES - Ntl/2(1990)

A'DONNACHIE ~ R G KIRSOPP ~ C LOVELACE {CERN)IJP
8 G K I RSQPP (ED IN I
LE A ~ OADES ~ WAR 0 ~ COWANG+ t RHEL 5 SR I STOLGOARE )

tttttf ttttttttt tttffttft tftttftt» fttfttftt ffttffttt ttttitttf ftffffff

N(9850) 12 4 ~ I/2(2655 UP -I I I/2

TZ Ntl/2(2650) MASS (NEV) a» w awaw

ttttitttt ttttftttt tttfttttt ftftttttt ttttttttt ttttftftt fftftttf
tttttt ttttttttt ttttftttt ttttttttt ttffetttt tttettft/I tttttt(itt

16 Nf 1/2(2040e JPE23/2 ) 1221/2
~}It

FGR OISCUSSIGN CCNCERNING IIESGN4NT PARANETERSTSEE NOTEN
PRECEDING N13/2{1236) ~

16 Ntl/2(2040) MASS (NEVI

(2700GOI
(2600GO) APPROX
{2660 0)
2649 ' 0 10AD

(2633 ' 0)

ALVAREZ
WAHLIG
HOHLE R
CITRON
BARGER

7/66
11/67

ae awaawwawaw s{tf/2(2650} WIDTH t MEV)

It
W

{100e 0 I
(200eo)

360GO 20 ' 0
(425 ' 0)

ALVAREZ 64 CNTR
HOHLER 64 RVUE
CITRON 66 CNTR
BARGER ~ 66 FIT

7/6&
7/66

TOTAt. + C'H EX 11/67

64 CNTR Pl PHOTOPRQD
64 DSPK 0 PI-P CH EX
64 RVUE ' DATA + DISP REL,
66 CNTR Pf+- P TOTAL
66 FIT TOTAL + CH EX

M 3
H

H 3
3

( 2057 0)
{2030 ~ )
(2040 ' )

WHEtrE e{AX~

(2030 ' 0}

'I DONNACHL 6S }{VUE PHASE-SHIFT ANAL 6/68
DONNA CH2 6 8 {{VUE P HAS ~ SHIFT 0 ERNl 10/691
KIRSOPP 6S RVUE PHASE SHIFT ANAL 10/691

ABSORPTION IS -DONNACHL 2 EKIRSQPP EYEBALL FIT CERN 1 10/691
APPROX LEA 69 CNTR PI P ELASTIC 8/69f

16 Ne'1/2(2040) WIDTH (HEVI

awawwa»eewaw aawww 72

Pl
'P2
P3

Ntl/2(2650) INTO PI N
Nt 1/2(2650} INTO LAMBDA K

Ntl/2(Z650) INTO N PI PI

Ne'1/2(2650I PARTIAL DECAY MADES

DECAY HASSES.
'139+ 938
1115+ 497
938+ 139+ 139

16 Ntl/2(2040) PARTfAL DECAY HQOES

PL
P2

Ntl/2(2040I INTA PI N

Ntf/2{2040) INTO N PI PI

16 Na'1/2(2040) BRANCHING RATIOS

W (93' 0 30) DCNNACHL 6S RVUE
W 3 t 2904 I DONNACH2 68 RVUE
W 3 (2406) KIRSOPP &S RVUE

SEE THE NOTES ACCOtePANYING THE HASSES QUOTED

8/691
PHAS SHIFT CERNL 10/691
PHASE SHIFT ANAL 10/69s

~ DECAY MASSES
139+ 938
938e 139+ 139'

72 Nfl/Z(2650) BRANCHfNG RATIOS

Rl Nt 1/2(2650) INTO (PI N) /TOTAL I P 1 ) /TOTAL
Rl ONLY ( 0+1/2) 1( PI N/TOTAL) MEASURED FOR THIS STATE
Rl Oe436 0 ' 02S {:ITRON 66 CNTR TOTAL CROSS SEC ll/67
Rl 8 {OG456) t 0 018) BARGER 66 RVUE TOTAL + CH EXCA 11/67
R1 8 (0 ' 30) BARGER 67 RVUE USES KORMANYQS67 11/67

8 USES REGGE AMP' +RESQN ~ TO CALCULATE

DIFF'

CROSS SCCTIONS AT 180 OFGRE
8 roR CRITtclsM or. THts METHOD, sEF DQLEK 68.

it 1 0 {0~ 24 } DIK&EN 67 RvuE usEs KoRMANYos&6 11/67
D USES ONLY RESONANCES TO CALCULATE DI F ~ CROSS SECT IONS AT 180 DEGREES

Rl (OG06) KORMANYOS 67 CNTR Pl-P AT 180 OEG ~ ll/67
Rl
RL 3
RL 3

Nt I/2 ( 2040 ) INTO (P I N) /TOTAL {P I ) ITOTA{. tatttt ttttftttf tffttfttf tfttttttt tfttttttt ttttttttf tttfttttt tttttttt
I ~ 26} DQNNACHZ 68 RVUE PHAS ~ SHIFT CERNL 10/691
I ~ 15} KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/691 REFERENCES Ntl/2t2650)

DONNACHI 68 PL 268 161
DONNACHZ 68 VIENNA 139
KIRSOPP 68 THESIS
LEA 69 PL 298 584

A DONNACHIE ~ R G KIRSOPPG C LOVELACE 'tCERN) IJP
OONNACHIE RAPPORTEUR ~ S TAt. K tGLAS)
R G KIRSOPP (EOIN }
LEA ~ OADESel{ARDGCOWAN ~ + ' (RHELG BRISTOLGDARE)

fttttf tftftfftt ffftftttt tftftttff ttfffttff 111111111111111111tfffffff
REFERENCES Ntl/2(2040)

ALVAREZ
WAHL I G

HQHL E R

C I TRON
BARGER
BARGER
D I KMEN

KCRMANYO
DOLEN

64 P'RL 12 710
64 PRL 13 103
64 PL 12 149
66 PR 144 1101
66 PR L51 1123
67 PR 155 1792
67 PRL 18 798
67 PR 164 1661
68 PR 166 L768

+BARwYAHGKERN ~ LUCKEYGOSBORNE ~ + (HITE CEA}
+HANNELLI ~ SDDICKSQNGFACKLER ~ WARDG + (MIT}
G HDHLERE J GIESECKE {KARLSRUHE } I
+GALBRAI THE KYCIA ~ LEONTICePHILLIPSE + {BNL I I
V BARGER' M OLSSON {WISC)
V BARGERE D CLINE {WISC} P
F N DIKE{EN

{MICH�)

KORMANYQSe KR ISCH ~ DFALLONe + {MICHeARG) P
R OOLENP D HORNE C SCHMIO fCAL TECH)tttttt ttttttttt ffttttttf tttttttff ttfettttf ttttttttt tfttffttt ftfttttt

fffttt tttftf tet fftttttff ftfttlfte 1ffftffff ftfffffft 111fffftf

7L Nfl/2(2190e JP 7/2 ) IEGL/2

N ((CA I90) FOR OISCUSSION CONCERNING RESONANT PAR4((ETERS, SEE NOTE
PRECCOING N13/2(1236) e

71 Ntl/2f 2190) HASS fMEV}

PAPER NOT REFERRED TO IN t}ATA CARDS

BAACKE 6T NC 51A 761 J BAACKE M YVERT t KARL SR UHC 5 Q RS AY I J-L
WAHLIG t(8 PR 168 1515 M A WAHLIGe I HANNEt. LI (MITGPISA}

FINAL VERSION OF DATA USED IN WAH{.IG 64 ~ IN CONJUNCTION WITH
CITRON 66 TOTAL CROSS SECTIONS ~ THIS CHARGE EXCHANGSE' DATA GIVES
COMPLEX El.ASTIC SCATTERING AMPLITUDE AT 0 OEGREEse

ttttft ttfattttt tttfttttf tetsttttt ttttttttt ttttttttt ttttttttt ttttttttfttfttttt etttttttt ttttttttt tttt'tttft ttttttfet ttfttttt

M

M 3
3

H 3
3

H

t219040)
{2Z10.0}
( 2190 ~ 0)
( 2265 ~ 0)
(2190~ 'I

t 2265 ~ I
i{HERE MAXG

(2000 ' 0}

0 IDOE Ns
HOHLE R

APPROX YOKOSAWA
OONNACH1
DONNACH2
KIRSO PP

ABSORPT(ot{ I 5 OONNACHle 2
APPROX LEA

71 Ntl/Zf2190I WIDTH (HEV)

63 CNTR
64 RVUE
66 CNTR
68 RVUE
6S RVUE
68 RVUE

~ K IRSOPP
69 CNTR

PI+a P TOTAL
DATA + DISP REL
PI P OSIG + POL
PHASE SHIFT ANAL
PHASG SHIFT CERNL
PHASE S}efFT ANAL

EYEBALL FIT CERN 1
PI P ELASTIC

7/6 6
6/6 8

10/691
10/691
10/69sI
8/691

e 73 N 11/2( 3030) MASS (HFV} I » w w 'aw

M

H

{3080e 0)
(3030' 0)

i e 73 Ntl/2(3030)

HOHLER 64 RVUE DATA + Of SP REL 7/66
CITRON 66 CNTR Pf+ P TOTAL 7/66

WIDTH (HEV)

N(3030) TS Ne(/2(SOSO JP= I I I/2

W

W

W

W 3
W 3
W 3

(20040I
(200AO)
(220 ' 0} APPROX
(298 OI
{300' }
{300' )

SEE THE NOTES ACCOMPANYING

OIDDENS 63 CNTR
HOHLE R 64 RVUE
YOKOS AWA 66 CNTR
DONNACHL 68 RVUE
DONNACH2 68 RVUE
K IRSO PP 68 RVUE

THE MASS ES QUOTEDG P EY

W (400eo)

737/66
7/66
6/68

PHAS ~ SHIFT-CERNl 10/691 PI Nt 1/2( 3030)
PHASE SHfFT ANAL 10/691, l PZ Nt 1/2{3030)

See the ilttestrated key preceding the data card listings.

CITRON 66 CNTR

Nfl/2{ 3030) PARTIAL DECAY MODES

INTO Pf N
INTO N Pl Pf

DECAY MASSES
139+ 938
938+ 139+ 139

7/66



~72 REVIEWS OZ MODERN PHYSICS JANUARY ~9%

Data in parentheses have not been included in our averages,

BARYON RESONANCES

73 Ntl/2(3030) BRANCHING RATIOS $(1236} sl N ~ I/III2SA /P I/I I I I/2 P»
Rl N4L/2(3030) INTO {PI N)/TOTAL {P 1) /TOTAL
Ri ON'LY (J+I/2) tl Pl N/TOT4L) MEASURED FOR THIS STATE
Rl (0~ 048) CITRON 66 CNTR TOTAL GROS ~ SEC ~

R1 8 (0 F 088) {0' 016) BARGER 66 RVUE TOTAL t CH EXC»
Rl 8 {0»12) BAAGER 67 CNTR USES KORHANYO566

8 USES REGGE AMP ~ +RESON ~ TO CALCULATE OIF ~ CROSS SECTIONS AT 180 DEGRE
8 FOR CRIT ICISH OF THIS HETHOOE SEE OOLCN 68»

Ri D I 0» 016) DIKMEN 67 RVUE USES KDRHANYOS67
D USES ONLY RESONANCES TO CALCULATE DIF CROSS SECTIONS AT 180 DEGREES

11/6 7
ii/e 7
1L/67

11/67

H

H++
H++
Mt+
Mt+
HO
H-

(1234' 0)
1236~ 0

(1232 0)
(1233»4)
{L236» 0)

1236»45
(1241~ 3)

0 ' 55
(6 0)
{4~ 4)

D.es
(5 ~ I)

ROP ER
OLSSON
FERRO-LUZ
G ID AL

DEANS
OLSSON
GI DAL

81 N03/2 ( 1236) IEASS (HEV )

65 RVUE
65 RVUE
65 HSC
66 DBC
66 RVUE
65 AVUE
66 DBC

DttPHASE SHIFT ANAL
t+ TOTAL-SIGMA DATA
++ K+P TO KO P Pl+
t+ 0 D TO NN(NN) Pl
++ P I+P TOTAL
0

7 /66
7/66

7/66
~0400 tt tet ~ 040 441100004 040'001014 4tlf 00404 Olff40tff 044410400 40040404 81 Ntlo) - Nl{++) MASS DIFFERENCE {HEV)

HCHLEA
CITRON
BARGER
BARGER
DIK MEN
KCAMANYO
DOLEN

64 PL 12 149
eb pR 144 1101
66 PR 151 1123
67 PR 155 1792
67 pRL ls 798
le7 PR 164 1661
68 PR 166 1768

REFERENCES - Nol/2(3030)

G HDHLER ~ J GLESECKE (KARLSAUHE) I
+GALBRAITHOKYCIAELECNTIC ~ PHILLIPS ~ + (SNL) I
V 84((GER ~ (( OLSSON (WISC)
V BARGER ~ 0 C LINE {WI SC) P
F N DIKiiEN (MICH)
KORHANYOS ~ KR ISCHE OFALLONE + (HICHEARG) P
R DOLEN ~ 0 HORN ~ C SCHHI0 lCAL TECH)

0 R

0 R

7 ~ 9 6 ~ S G ID AL 66 0BC

81 N03/2(1236) WIDTH (HEV)

(0»45') t0 ~ 85) OL. SSON 65 RVUE
REDUNDANT WITH CATA IN MASS LI ST ING ~

81 No{-) - Ni'{++) HASS 0 IFFERENCE ( MEV)

Ottttt tftt44110 000040404 tt0400044 Otftttlfl 100404014 tftfttttt Ottttltt
tltltl Otfltfltl 0440404 ~ 4 Olttflltf ltt04tllt 0444t1044 ttttttttf 40040 ~40

74 Nl {3245r JP22 t)

Nt(3245) Eslsrs. cs.or co.c,os, .„.Esr-„s.,o. I-spl»
NOT DETERHINEDE SUT THE NAAAQW WIDTH PAECLUDES
IDENTIF ICATION WITH THE Ni'3/2(3230) ~ OMITTED
FROM TABLE

74 Nt /2(3245) MASS (MEV)

H 32rl 5 ~ 0 10.0 KORMANYCS 67 CNTR PI-P 180 DEG EL 6/68

W++
W++
Wtt
'W++

WO

W

Pi
P2
P3

120 0
l 125~ 0)
l 124» 0)
{12L 0)

119' 6
( 149~ 0)

2 ' 0
(30 ' 0)
t 14»0l

2 ' 4
tip' 0)

OLSSOh 6'5 RVUE t+
FERRO LUZ 65 HBC t+
GLOAL 66 DSC t+
DEANS 66 RVUE ++
OLSSON 65 RVUE 0
G{DAL 66 DBC

N13/2(1236) INTO Pl N

No 3/2( 1236) INTO N GAMMA

N43/2(1236) INTO N Pt Pt

81 N13/2{ 1236) BRANCHING RATIOS

81 N03/2(12 36) PARTIAL DECAY MODES

DECAY HASSES
139+ 938

Dt 938
938+ 139+ 139

7lbb
T/66

7/66

74 Nl l2( 3245) WIDTH {MEV)

W {35 0) OR LESS KORHANYCS 67 CNTR

74 Nt /2{ 3245) PARTIAL DECAY MODES

6/68

R 1 N03/2{ 1236) INTO ( N GAMMA I/TOTAL ( PERCENT) (P2)/ {Pi)
Ri 0»55 0 ' 02 DAL ITZ 66 RVUE

~ 10401 lttttlttt ffl ~ 41OOO tttlttttt 44O401001 0000 ~ i 000 0~ Ot ~ 00 ~ 0 i 0 ~ Oi ttl
7/68

Pl No /2(3245) INTO Pl N

DECAY MASSES
139+ 938

74 No l2(3245) BRANCHING RATIOS
J I5 NOT KNOWN' FOLLOWING IS {J+1/2)0(PI N)/TOTAL

Ri {0 37) KORHANYOS 67 CNTR

014000 440404001 Oltttlttl 4ttf40404 440440411 llttltlt4 ttt004040

6/6 8

OLSSON
FERRO LU

. ROPER
DALITZ
DEANS
GIDAL

65 PRL 14 LLB
65 NC 36 1101
65 PR 138 8190
66 PR L46 . I.180
66 PREPR IN'I
66 PR 141 1261

REFERENCES - Ni'3/2(L236)

G OLSSON
FERRO-LUZZ I 2 GEORGE» ~ +
L 0 ROPER ~ R IE WRIGHT ~ 8
DAL ITZ ~ SUTHERLAND
5 A DEANSE W G HOLLADAY
G GIDAL ~ 4 KCRNAN ~ 5 KIH

(WISC)
{CERN)

T FELD tLRL ~ MIT) JP
(OXFORD)

( VANOER 8 ILT )
(LR(. )

KCRMANYO 67 PR 164 1661

REFERENCES —Ni' /2(3245)

KORMANYOS 2 KR ISCH ~ DFALLON ~ + {M ICHE ARG) P

75 Ntl/2l3690I JPEE ) l&L/2

N(3690) ~ SUIIP SEEN IN THE I»vARIIINT »ASS OF 6 vEIIT COHPII-
CATED STATE (N + SEVEN P IS ) I SO AS EVIDENCE FOR

W A NEW RESONANCE IT IS NOT CONCLUSIVE ~ NOT INCLUDEO

~ LN TABLE

1~ 04 t ~ tf tllf 141 Oet' ~'elf 04 100000000 tlf 400 tft Otetf 0 010 0ttttt t le 04 4tltlt
ettll ttttlttf1 4041t'lttt 404444404 Otlttf 144

FOR EXTENSIVE REFERENCES TO DATA AND PHASE-5HLFT ANALYSES TILL 1965
SEE ROPER 65 ~ ESPECIALLY APPENDIX II ~

tteftf ttlttt044 40004tltl 00004f4tt tf4400 fel lt4ttt004 1404ttllf tttt04tt
ltltlt 4tttttttt ftlfeltli Otittiftf illtfltft tteitittl fittt ~ ttt ttft4tit

82 N03/2{ 16502 JP~I/2- ) I~3/2 S3i
AL(1650) FOR OISCUSSIOH CCNCERNINO IIESCH ~ NT PARAIIETERS, SEE NOTE

PRECEDING N13/2(1236) ~

82 N03/2(1650) MASS {MEV)

75 N01/2\3690) HASS (MEV)

Pl Nol/2t3690) INTO N + 7 PI S
DECAY MASSES

2250

ltlolt ttlllotoo Olfflf oil toolttf f4 tootot tt ~ Ootlfl ~ 00 tltt40tft

H 3690' 0 10' 0 BARTKE 67 HBC + Pl+P 8 PRONGS

T5 Ntl/2(3690) WIDTH {MEV)

50 ~ 0 30~ 0 BARTKE 67 HBC +

75 Nll/2(3690l PARTIAL DECAY MODES

H

M 18/67 1
M 2

2
M 3

8/6 7

H

3
H 4
H 5

5

(L648 ~ 0) (LED) DEVLIN 65 CNTR Pt+- P TOTAL
(1695.0) BAREYRE 68 RVUE PHASE-SHIFT ANAL

WHERE CROSS SECT ION 15 GREATEST EYES4LL FIT
(L650»0) RAREYRE 68 RVUE PHASE-SHIFT ANAL

WHERE SPEED IS GREATEST - EYEBALL F IT
(1635»0) DONNACH1 68 RVUE PHASE-SHIFT ANAL

(1640») DONNACHZ 68 RVUE PHAS ~ SHtFT-CERNL
{L635 ) KIRSOPP 68 RVUE PHASE SHIFT ANAL

WHERE HAX ~ ABSORPT ION 15 -DONNACHL ~ 2 ~ KIRSOPP EYEBALL F IT CERN 1
l1617~ 0) DAY LES 68 RVUE P 5 ANAL SOL A

( 1 623 ~ 0) DAVIES 68 RVUE P 5 ANAL SOL 8
SDL 8 IS. E ~ 0 F IT TO SAME DATA START FROH CEAN I EXPER (DONNACHL 68)

82 N03/2{ 1650) WIDTH ()'EV)

11167

11/67

e/68
10/694
10/690
10/691
8/690
8/690

REFERENCES —Nti/2 {3690)

BARTKE 67 PL 248 118 +CZYZEWSKIEDANYSZE + (CRACOWEOASAY(CERh) ) I

400000 04itit044 4tttffltt 4040414tt tf44t4tft Otttltttt tile ~ ftll
ooooit ottoollot ttetlooeo ooiloitlf iii44ftte ~ oeeeiett tttfteltl ~Ooeteet

76 Nt /2(3755I JPEA )

Nt (3755) 6 SIIAI.I I'EAR IN THE IP P Psslll INVARIANT HASS FRUH
8 ~ 4 SEV/C Pl+ P TO PI+ P P PIIAR EVENTS ~ AS EVIDENCE

W FOR 4 NEW RESONANCE IT IS NOT CONCLUSIVE OHITTED~ FROM TABLE
Pi
P2

1 {250»0)
2 (L30»0)
3 (177 0)
3 (LTT )
3 {180»)

I 141 ~ 0)
5 ( 140~ 0)

SEE THE NOTE 5

82 N03/2t 1650) PARTIAL DECAY MODES

N03/2(1650) INTO PI N

NO3/2( ).650) INTO N Pl Pl

RAREYRE 68 RVUE
SAREYRE 68 AVUE
DONNACHL 68 RVUE
DDNNACH2 68 RVUE
K IR SOPP 68 RVUE
OAVIES 68 RVUE
DAY IES 68 RVUE

ACCOPPANYING THE MASSE 5 QUOTED

I 1/67
L 1/67
6/68

PHA5 ~ SH)F T-CERN 1 10/690
PHASE SHIFT ANAL 10/69i'
P-5 ANAL SOL 4 8/690
P-5 ANAL SOL B 8/691

DECAY HASSES
139+ 938
938+ L39+ 139

76 Nt l2(3755) MASS (HEV) 82 N03/2(1650) BRANCHING RATIOS

3755~ 0

40 ' 0

8.0 EHALICH 68 HRC + Pl+ P P PBAR

76 Nl /2l 3755l 'WIDTH {HEV)

20»0 EHRLI CH 68 HBC +

76 Nl /2(3755) PARTIAL DECAY HOOES

6/68

6/6 8

Rl
AL

Rl 3
Ri 3
Ri
Ri 5

Nt 3/2 l 1650)
{0 284)

28)
28)

le 28)
{0' 25)

INTO (Pl N)/TOTAL
OONNACH 1 68 RVUE
DONN4CH2 68 AVUE
K IRSDPP 68 RVUE
DAVIES 68 RVUE
DAVIES 68 RVUE

(Pl)/TOTAL
6/es

PHA5 ~ SHIFT C'ERNL 10/690
P HA SE SHI F T ANAL 10/690
P 5 ANAL SOL 4 8/690
P-S ANAL SOL 8 8/690

Pl No /2(3755) INTO Pl+ P P PBAR
DECAY HASSES

000000 ttt404040 fe004ettt Olft44001 00400i 044 4lttftftl li e400lti tttttttt
REFERENCES Ni 3/2I L650)

t444t Ot44010tt Otti Of i tl Otllf f444 Oliltl 004 fi 0ltlti4 440tf tell Oi litt 04

REFERENCES —No /2(3755)

EHRL ICH 68 PRL 20 686 R EHRLLCH R J PLANO ~ J 8 WHITTAKER {RUTGERS)

Oeltlt Otttftttt Oftltflll 000400444 Otltlfl44 040404040 tt4040401 ttfftellftttt etttflttf 100000400 000000010 Otlllfftl tftlttttt Ottttfltt ~ 0 ~tlltt
I

END PRODUCTION EXPERIMENTS

0~telt Ofetlfttf 40111ttll ttllffltt Oltlltltt tltttelt ~ 0 ~ 4000004 Otttttll
Ootttt tttlolttt olotooott 041000044 of040toff totlttott Ottte0411 Oelolltt

DEVLIN
SAR EYRE
DONN ACH L

DONNACH2

DA VIE 5
K I R SOP P

65 PRL Irl L031
68 PR 165 1731
68 PL 26B 161
68 V IENN A 139
68 VIEN{{4 CONF ~

68 THE 5 I 5

T J OEV{.IN ~ J SOLCHONEG BERTSCH {PRINCETON) I
P SAREYRE ~ C BRICIEAh ~ G VILLET lSACLAY) I JP
4 DONNACHIE I A G KIASDPP ~ C LOVEL. ACE {CERN) I JP
DONNACHIE RAPPORTEUR ~ 5 TALK ( GLAS)
4 DAVIES ~ R HOORHOUSE ( GLAS)
R G K I R SOPP (EDIN &

PAPERS NOT REFERRED TO IN DATA CARDS ~

CARRUTHE 60 PRL 4 303 P CARRUTHFR 5 {CCR NELL ) I
DEVL IN 62 PR 125 69C T J DEVLIN ~ 8 J IEOYERE V PEAEZ MENDEZ (LRL) I
HE LLANO 64 PR 134 8 1062 +OE VL IN EHAGGE ~ LONGO ~ IIOYE R I WOOD (LRL) I
BAREYRE 65 PL 18 342 + BR ICHANE STIRLING ~ VILLET {SACLAY) I JP
JCHNSCN 67 UCAL 17683 THESI 5 C H JOHNSON (LRL )

ltlttt 0~ tottoof tttlttott tootlt ~ 0 ~ ~ teootet ~ ~ ~ 00 ~ 4004 101001001 000000 ~ 1
0ttl1 0 ettf 04000 400000 010 0tttf 0000 Of letftt0 0~ ttteftt 141000000 0 ~ Ot0400

See the illustrated )sey precedinp the data card listinys,
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Data in parentheses have not been included in our averages.
BARY ON RESO NANC ES

10 Ne 3/2( I&70 s JP &3/2- ) I&3/2 Dal
(1&}70) /0R 0/scvss/0% co»GER» I»G RE50NANT //RAIIETERs. sEE NoTE

PRECEDING N¹3/2(1236) ~

10 N¹3/2(1670) MASS (MEV}

Rl
Rl 3
Rl 3
Rl 3
Rl .4
Rl 5

11 M¹3/2(1890) BRANCHING RATIOS

Nt 3/2 ( 18901 INTO ( P I
(0 ~ 16)
( ~ 16)
t ~ 15)

(0' 20)
(0% 19)

Nl /TOTAL
DONNACHl
OCNNACH2
K IRSOPP
OAVIES
DAY IES

(Pl)/TOTAL
68 RVVE 8/6 9ei
68 RVUE PHAS»SHIFT-CERNl 10/69¹
&8 RVUE PHASE SHIFT Il&AL 10/69¹
&8 RVUE SOL I 8/69¹
68 RVUE SOL 8 8/69¹

M . 3
H 3
H 3

3
H

H 5
5

'« 10 N'a3/2( 1670) HI OTH t MEV)

( 1691 0) OONNACH1 68 RVUE PHASC-SHIFT ANAL

( 1690» ) OONNACH2 68 RVUE PHAS ~ SHIFT-CERNI
(1&i90~ ) KIRSOPP 68 RVUE PHASE SHIFT ANAL

WHERE MAX ~ ABSORPTION IS -DONNACHlr 2 rKIRSOPP EYEBALL FIT CERN 1
I 1649%0 ) OAVIES 68 RVUE P-S ANAL SOL I
(1650' 0) DAVIES 68 RVUE P-5 ANAL SOL 8

SOL 8 ls E 0 FIT TO SAME DATA START FROM CEltN I EXPER tDONNACHI 68)

8/69¹ '

10/69t i

10/6 9¹
10/69¹
8/6 9¹
8/69¹ DAVIES 68 VIENNA CONF'

DONNACH1 68 PL 268 lbl
OONNACHZ 68 VIENNA 139
K IRSOPP 68 THE SI 5

A OAVIES ~ R MOORHOUSE (GLAS)
I OONNACHIfs R G KIRSOPPs C LOVELACf (CERN)IJP
OONMACHIE RAPPORTEUR»s TALK (GLAS)
R 0 KIRSOPP (EOIM)

tttttt tttttttte ttetttttt tetttttte tetttettt ttttttttt ttttttttt ttttettt
REFERENCES N¹3/2( 1890)

'M 3
M

M

M 4
M 5

&269 0)
(269 ' )
(300 ~ )
( 188 0)
(174' 0)

SEE THE NOTES ACCOMPANYING

DONNACHI 68 RVUE
DONNACH2 68 RVVE
KIRSOPP 68 RVUE
DAVIES 68 RVUE
OAYIES 68 RVUE

THE HASSES QUOTED P EY

10 M¹3/2(1&70) PARTIAL OKAY HOOCS

8/69¹
PHAS ~ SHIF T-CERN1 10/69'a
PHASE SHIFT 4NAL 10/69¹

SOL I 8/69¹
SOL 8 8/69¹

eett¹I teeetettt ttttetttt ttetettet ttttttett tetttttte ttetetttt ttttttte
ttttetttt etettteet ttttttete teeteteet tteettete etttttttt

12 N¹3/2& 1910r JP&1/2+ } 1~3/2 P3x
A 1910

FOR DISCUSSION CONCERNING RESCNANT PARAMETfRS ~ SEE HOTE
PRCCEDING N¹3/2(1236)»

P1
P2

N¹3/2(1670) INTO Pl N

N¹3/2(1670) INTO N Pl 'Pl

10 N¹3/2(1670) SRANCHING RATIOS

DECAY MASSES
139a 938
938+ 139+ 139

Rl
Rl 3
Rl
Rl 3
Rl
Rl 5

N¹3/2(1670) INTO (PI
(0' 14)
(%14)
t ~ 131

(0 ~ 12)
(0 13)

N) /TOTAL
DONNACH1
OONNACH2
K IRSOPP
OAV IE 5
DAY IES

t Pl )/TOTAL
68 RVUE 8/& 9¹
68 RVUE PHAS ~ SHIFT-CERNl 10/69¹
68 RVUE . PHASE SHIFT ANAL 10/69¹
68 RVUE SOL I 8/&9¹
& 8 RVUE SOL B 8/69¹

OAVIES 68 VIENNA CONF ~
OONNACH1 68 PL 268 161
OONNACHZ 68 VIENNA 139
KIRSOPP 68 THESIS

A DAVIES ~ R HOORHOUSE (GLIS)
I DONNACHIE r R G. Kl RSOPPr C LOVEL ACE ( CERN) IJP
DONNACHIE RAPPORTEUR» 5 TALK (GLAS)
R G KIRSOPP {EOIN)

tttett ttttttttt etttttet¹ tttettttt eeet tttet ttttttttt tttteettt tttteeter

REFERENCES —N¹312(1670)

H 3
'H 3

'3

M 4
H 5

{339 0)
(339% )
t425 ~ 1

(290
(231' 0)
SEE NOTf 5

OONNACHI
DOHNACH2
K IR SOPP
DAVIES
DAVIES

ACCOMPANYING MISSES 4)OTEO

68 RVUE
68 RVVE

'
PHAS»SHIFT CERNI

68 RVUE PHASC SHiFT ANAL
68 RVUE SOL A

68 RVVE SOL 8
AS FOR Nt1/2 t 1910)

12 N¹3/2(1910) PARTIAL DECAY MODES

12 N¹3/2(1910) MASS (HEV)

3 (1934 01 DONNACHI 68 RVUE ~ PHASE-SHIF T ANAL

3 (1930» ) DONNACH2 68 RVUE PHAS ~ SHIFT CERN1
3 ( 1930~ 1 KIRSOPP 68 RVUE PHASE SHIFT ANAL

WHERE HAX ~ ABSORPTION IS OONHACH1 ~ 2 KIRSOPP EYEBALL FIT CERN 1
( 1914%0) DAVIES 68 RVVE P S ANAL SOL I

5 ( 1834%0 } DAVIES 6S RVUE P-S ANAL SOL 8
5 SOL 8 IS E ~ D FIT TO SAME DATA'START FROM CERN I EXPER (OONNACH1 68)

12 H¹3/2{1910) WIDTH (HEV)

S/69¹
10/69¹
10/6 )t
10/69¹
8/69¹
8/6 9¹

8/69¹
10/69¹
10/69¹
8169¹
8/6 9¹

tttttt tettttttt etetttett etttttttt etetetttt ttttttttt tttettttt
tettte ttetttttt etteetett ttttttttt tttttttet tettettte teeetettt tttteeet Pl

P2
N¹3/2{1910) INTO P! N

M¹3/2(1910) INTO N PI PI

DECAY MASSES
139+ 938
938+ 139+ 139

M)II(].{}9Q) H %~'3//i 1690 JP 3/2/i I 3/I s
~ FOR DISCUSSION CONCERNING RESCNANT PIRAHETERS ~ SEE NOTE

PRECEDING Mt 3/2(12361 ~

19 M¹312t1690) MASS {HEV)

M 3 (1690,] OONNACHZ 68 RVUE PHAS ~ SHIFT-CERNI 10/69¹
H 3 (1690~ ) KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69¹

3 WHERE HAX ~ ABSORPTION ls -OONNACHl ~ 2 ~ KIRSOPP EYEBALL FIT CERN 1 10/69¹

19 N¹3/2t 1&90) WIDTH (HEV)

12 Ne'3/2( 1910) BRANCHIMG RATIOS

N¹3/2&1910)
(0 30)

( ~ 30)
( 25)

(0 18)
(0.Z41

Ri.
Rl 3
Rl 3
Rl 3
Rl 4
Rl 5

iNTO (l'I N)/TOTAt.
DONNA CHI
DONNA CH 2
K IRSO PP
DAY IE 5
DAY IE 5

8/69¹
PHAS ~ SHIFT CERN1 10/69¹
PHASE SHIFT ANA{. 10/69¹

SOL I 8/69t
SOt. 8 8/6 9¹

(P11/TOTAL
68 RVUE
68 RVVE
68 RVVF.
68 RVVE
&S RVUE

REFERENCES - N¹3/2(1910)

tttttt tttttbete tee etteee I ttteettt tttttt tee tttee tete teeetette

M 3
M 3

(281%)
(240»)

OONNACH2 68 RVUE
K IR SOPP 68 RVUE

19 N¹3/2{1690) PARTI 4L DECAY )IIODES

PHAS»'SHIFT CERN1 10/69¹
PHASE SHIFT ANAL 10/69¹

OAVIES 68 VIENNA CONF ~

DCNNACHI 68 PL 26B 161
DONMACHZ 68 VIENNA 139
KIRSOPP &S THE S I 5

I OIVIESrR HOORHOUSE (GLAS}
A DONNACHIE ~ R G Kt RSOPP ~ C LOVELACE t CERN) IJP
OONNACHIE RAPPORTEUR ~ 5 TALK (GLAS)
lt G, K I R5 0PP (EOIN)

PAPERS NOT REFERRED TO IN THE DATA CARDS

Pl N¹3/2(1690) INTO Pl N

19 N¹3/2t 1690) BRANCHING RATIOS

DECAY MASSES
l39+ 938 CARYANN 65 Plt 138 8433 CARAYANNOPOU{. OSs TAUTFEST ~ WILLMANN (PURO)

A PARTIAL HAVE ANALYSIS OF Pl+P TO SIGMA+ Kt

Rl
Rl 3
Rl 3

H¹3/2t 1&90) INTO &Pi N)/TOTAL (Pi }/TOT A{.
I ~ 10) DONNACHZ &8 RVUf PHAS ~ SHIFT CERNl 10/69¹
( ~ 08) KIRSOPP 6$ RVUE PHASE SHIFT ANAL 10/69¹

tttttettt tttetttte ttttttett ettttteet ttttttttt tttttttt¹ tttttete

tttett ttettttet etta tee te tttetettt tttttttee ttttttttt tttetttte tetetett
teettttee et tete tet ttttet'ett tte¹tttet ttteteet & eettee set tetttttt

83 H¹3/2(1950~ JP~7/2+) I&3/2 F)y
(1950) fOR /SC%USSI ll CvONCER»/»G IIESC»l»r P/II/II ~ TERS SEE %0/E

PRECEDING N¹3/2(1236)

OOMMACH2 68 VIENNA 139
KIRSOPP 68 THESIS

REFERENCES N¹3/2{1690)

DONNACHIE RAPPORTEUR ~ 5 TALK
R G KIRSOPP

(GLAS)
(EOIN)

ettett ttttttttt tttettett tttttttet tttttttte ttttettet ttttttttt tetttttt
ettttt ttttttttt ttettttee etttttett tettttttt ettttette tttttette tetttete

11 Ne 3/2( 1890 J P 5/2+ } I 3/2 F
A(199O 35

FOR Oi SCVSS ION CONCERNING RESONANT PARAHETE Rss SEE NOTE
PRECEDING N¹3/2( 123d) ~

11 N¹3/2(1890) MASS t HEV)

H

I
1

H 2
2

M 3
H 3

3
3

M 5
5

83 N¹3/2(1950} )tASS (HEV) «\%

{1920%0'1 DUKE ~ 65 CNTR Pl-P fL + POL

I 1950%0) APPROX YOKOSAHI 66 CNTR Pl P OS(G + POL

& 1975.0) BAREYRE 68 RVUE PHASE-SHIFT ANAL

WHERE CROSS SECTION I 5 GREATEST - EYEBALL' FIT
( 1980~ 0 ) BARCYRE 68. RVUE PHASE SHIFT ANAL

WHERE SPEED ls GREATEST EYEBALL FIT
( l946 0) OONNACHl 68 RVUE PHASE-SH(FT ANAL

t 1950~ ) DONNACHZ 68 RVUE PHAS ~ 5HIFT«CERH1
( 1946% } KIRSOPP 68 RVUE PHASE SHIFT ANAL

MHERE MAX ABSORPTION IS DONMACHIr 2 sKIRSOPP EYEBALL F (T CERN 1
I 1935 0) OAVIES 68 RVVE P-S ANAL SOL A

t 1935 0) DAVIES 68 RVUE P 5 ANAL SOL S
SOL 8 iS A FiT TO OONNACHIE 68 SOLUTION

&1&8
7/66

1 1/67

11/67

6/68
10/69¹
10/69¹
10/69¹
8/69¹
8/69¹

H

H

H

M

M

M

M 4
M

( 1913%0) DONNACHI &8 RVUE PHASE-SHIFT ANAL

3 (1910 ' ) OONNACH2 68 RVUf PHAS ~ SHIFT CERNL
(1910») KIRSOPP 68 RVUE PHASE SHIFT ANAL

WHERE MAX» ABSORPTION IS «DONNACHIr 2 rKIRSOPP EYEBALL F IT CERN 1
4 (1841' 0) DAVIf 5 68 RVUE P-5 4NAL SOL I
5 (1852'0) DAVIES d8 RVUE P 5 ANAl SOt. 8
5 SOL 8 ls E»O FIT TO SAHE DATA START FROH CERN I EXPER» {OONNACH1 68)

11 N¹3/2( 1890) WIDTH ( Hf V }

l350%0) DON l&I CH I
(350») OONNACHZ

(380 ) KIRSOPP
(136%0) DAV IES
& 150%0) OA VIE 5
sf f NOTES ACCOMPANYING MASSES QUOTEO

68 RVUE
68 RVUE'
68 RVUE
68 RVUE
68 RVUE
AS FOR Htl/2( lSIQ)

PHAS ~ SHIFT CERNl
PHASE SHIFT ANAL

SOL A

SOL 8

8/69¹
10/6 9III

10/69¹
10/6 9¹
8/6 9¹
8/6 9¹

8/69¹
10/69¹
10/6 9¹
8/69¹
8/6 9¹

83 M¹3/2(1950) WIDTH (MEV)

& 170~ 0)
(200%0} APPROX

1 (180 0)
2 I 140»0)
3 {221%0)
3 (221 ' )
3 (220 )
4 {221%0)
5 (212' 0)

SEE THE NOTES ACCOMPANYING

DUKE 65 CNTR
YOKOSAHA 66 CNTR
BARFYRE 68 RVUE
BAREYRE 68 RVUE
OONNACH1 68 RVUE
OONNACH2 68 RVUE
KIRSOPP 68 RVUE
DAVIES &8 RVVE
OAVIES 68 RVVE

THE MASSES QUOTEO

83 N¹3/2(1950) PARTIAL DECAY MODES

P HA 5~ SH I F T-C E RN1
PHASE SHIFT ANAL

SOL A

SOL 8

7/66
7166

11/67
11167
6/68

10/69e[
10/69¹
BI&9¹
8/69Ii

11 N¹3/2{1890} PARTIAL DECAY NODES

N¹3/2( 1890) INTO P I N

H¹3/2(1890) INTO N Pl Pl

DECAY SIASSES
139+ 938
938+ 139+ 139

Pl
PZ
P3
P4
P5
P'6
P7

See the Slustrated Rey preeeditl

N¹3/2{1950)
N¹3/2(1950)
N¹3/2 {1950 )
N¹3/ZI 1950)
N¹3/Zt 1950)
Nt '3l 2 ( 1950 )
N¹3/2 t 1950)

.'se data ca/d 'istsr ".,s.

INTO PI N

IN70 SI GHA K

IMTO N¹3/2 t 1236) P I
I NTO Y'el I 1385) K

INTO N¹3/2( 1236) RIB)
INTO NEUTRON Pi+ PI+
INTO M¹3/2(1236) Pl Pl (NOT RHO)

DECAY HASSC 5
139+ 938

1189+ 493
1236+ 139
1385+ 493
1236+ 765
939+ 139+ 139

1236+ 139+ 139



I?4 REVIEWS OF MODERN PHYSICS ~ JANUARY 1970

Data f)t pa res theses' hat/e not bees i)(eluded i)j our averages.
1

83 N03/2( 1950) BRANCHING Rit tDS

BARYON RESONANCES

Rl N03/2(19501 fNTO tPI N)/TOTAL
RL (0041) DUKE 65 CHTR
RL (0~ 4) APPROX YOKOSAMA 6d CNTR
Rl 1 (0 ' 57) SiREYRE 68 RVVE
Rl 3 (0»3861 DONNACHI 68 RVUE
Rl 3 {~ 39) OONNACH2 48 RVVE
Rl 3 ( ~ 39) KIRSOPP 68 RVVE
RL 4 I 0 ~ 51) OAVIES 68 RVVE
RL 5 (0039) DAVIES 68 RVVE

SEE THE NOTES ACCO)rPANYING THE MASSES GVOTEO

{P1)/TOTAL
VERY ENERGY OEP

PHIS ~ SHIFT»CERNL
PHA SE SHIFT ANA L

SOL A

SOL 8

7/66
7/66

11/6 T
6/6 8

LO/690
I0/6 90
8/690
8/690

RT
RT

RB
RS

Nt (1950) (NTO (M03/2(1234) RHO)/TOTAL
SEEN YOON 47 HBC 0

000000000 0010ttttt 000000000 0tttttftf 'ttttttttt 000000000 0100fftt

REFERENCES «Nt IN PRODUCT EXPERIMENTS

8/67

Nt t 1950) INTO {N03/2(1234} RHO) /I PI.H) PRODe EXP'
{0»45) APPROX CHINOMSKY 68 HBC ++ PP TO (P 3PI) N 11/68

THIS INCLUDES CORRECTION FOR UNSEEN DECAY (ISPIN FICTOR 5/31 ~

R2
R2

R3
R3

M03/2(1950) INTO (SIGMA K) tt Pl N)/tOTAL002 (P20PL)/TOTAL002
SEEN BORREANI 68 HBC PI+P 1~ 35 Lebb 10/690

N03/2(1950) INTO tD(1236) Pl)0(P IN)/TOtAL002 (P30PI)/TOTAL002
0»23 0 F 04 FUNG 68 HBC +t P I+P TO PI+P I0 P 11/6S

COOL 56 PR 103 1082
BR(SSON 4L NC 19 210
DEVLIN 65 PRL LC 1031
LEE 67 PR 159 1156
YOON 67 PL 248 307

R COOLe 0 PICCIGNIe 0 CLARK {BNL) I
+DETOEUF ~ FALK VAIRANTeVAN ROSSUM t I SACLAY) I
T J DEVLINeJ SOLOMONeG BER'TSCH (PRIMCETON) I
+MOEBS ~ ROE ~ SINCLAIReVANOER VELDE (HICH)
+BERENYI ~ KEYe PRENTICE e + t TORONTO ~ 'Ml SC)

HORE INFORHATIONS OM INELASTIC DECAY, MODES OF SUMPS ~ SEEM IN PRODUCT(ON
EXPER (MENTS AROUND 1950 MEVe HAY BE FOUND IN THE NEXT ENTRY

ftf 0f0 000000000 000000000 ttttttftt 000000000 Ifttttftt 000000000 00000000

CHINOMSK 68 PR 171 1421
CHUNG 68 PR 165 1491
GALLOMAY 68 PL 268 334

CHINOMSKYeCONDONeKINSEYeKLEINe+ (LRL ~ SLAC)
5 U CHUNGeDAHLeKIRZ ~ MILLER (LRI. )
K F GALLO'MAY {INDliNi) I

DUK E '65
YOKOSAMA 66
BIREYRE 68
BORREANI 68
OAV IE5 48
DONNACHI 48
DONNACH2 48
FUNG 68
K IR SOPP 68

REFERENCES N13/2{ 1950)

+JONES KEHP MURPHY PRENTICE + (RTHFD ~ OXF) IJP
+SUMA e HILL ~ ESTERL I NGe SOOTH t ARG e CHI ) IJP
P BAREYRE C BR ICMANe G VILLET t SACLAY) I JP

BORRE AN I e K A L MU5 (LRL)
A OAVIESeR MOORHOUS'E (GLAS)
A DOHNACHIE ~ R G K IRSOPP ~ C LOVELACE {CERN) I JP
OONNACHIE RA PPORTEUR» 5 TALK (GLAS )
FVNG ~ KERNANe KALMUSe BIRGE tRIVERSIDE ~ LRL)
R G KIRSOPP (EDIN)

PRL 15 468
PRL 16 714
PR L65 1?31
VCRL 18350
VIENNA CONF ~
PL 26$ Lbl
VIENNA 139
V I E NNA CONF o
THE 5 IS

PAPERS NOT REFERRED TO IN DATA CARDS»

000000000 000000100 100000000 tttttttft 000000000 00000000

END PRODUCTION EXPER IieENTS

ttttttttt ttttttttt ftttttttt. Ottt00100 ttttttftf 000000000
000000 ttttttftt 000000000 000010000 000000000 ttttttftt 000100000

I(2LSO) 9 //*3///2/»0 JP 3/2 ~ / I 3/e ~Ill

~ SEE THE NOTES PRECEDING N03/2(12361

9 Nf 3/2 {2160) MASS ( HE V)

LAYSON
HOHLER.AUVIL
HOHLER
HELL ANO

HOLLAOAY
JOHNSON

63 NC 27 724
63 MP 48 470
64 HC 33 473
44 PL 12 149
4C PR 13C 810d2
45 PR 139 $1348
47 VCRL»17483 THESIS

'M M LAYSON
G HDHLER G ESEL
P AUVIL e C LOVELACE
G HOHLER ~ J GIESECKE
00E VL IN e HAGGE e LONGO e MOYE R ~ MOOD
M G HOLLADAY
C H JOHNSON

{CERN) .IJ
(KARLSRUHE)

( IMPCOL ) IJP
(KARLSRUHE) I

{LRL) IJ
{VANDERBILt)

{LRL)

M 3 (2L60»)

M 3 {260 1

KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/690

9 M03/2(2160) MIDTH (MEV)

KIRSOPP 68 RVVE PHASE SHIFT .ANAL 10/690

9 N03/2(2160) PART(AL DECAY MODES

tttttt 000010000 tttttfttf Otttttftt 000000000 000000000 010000000 tttfttff
000000 000000000 000000000 Oftfttttf 000000000 00000000 / o»»o»» tt ftttttff

13 N03/2(1960 ~ JPe5/2") 1~3/2 DI I
FOR DISCUSSION CONCERNING RESONANT PIRAMETEKSeSEE NOTE
PRECEDING N03/2( 123d) ~

13 N03/2(1960) MASS (MEV)

PL

Rl
Rl 3

N03/2(2160) INTO P I M

9 N03/2(2160) BRANCHING RATIOS

DECAY MASSES
139+ 93$

M03/2 ( 2160) INTO (P I N) /TOTIL (Pl)/TOTAL
I 25) KIRSOPP 68 RVUE PHASE SHIFT AHAL 10/690

ttttttftt 000000000 000000000 100000000 000000000 000000000 00000000

M 3 {1954»0) DONNACHL 68 RVVE PHASE SHIFT iHAL 6/48
M 3 (1970 ' ) K IR SOPP 68 RVVE P Hl SE SHIFT ANAL 10/6 90
M (1950~ 01 APPROX LEA 69 CNTR Pl P ELASTIC 8/690

3 MHERE MAX» ABSORPTION 15 OONNACHL ~ 2 ~ KfRSOPP EYEBALL FIT CERN I 10/690

KIRSOPP 68 THESIS

REFERENCES —N03/2(2160)

R G KIRSOPP (EOIN )

ttftttttf tttfttttf tttttfttf 000000000 ttttti ttt tftttftff tttffttt
~ 000001000 fttttf ttf f f0f0tft1 001000000 tttf001tf Otftftt11 Ottttf 00ere»~»»~~re ]3 N03/2(19601 MIOTH ( FEV) reer —«ere»reer»re~~»

M. 3
M 3

I 311~ 00)
l400»)

13

DONNACHL 68 RVUE
KIRSOPP 68 RVUE

N03/2(1960) PARTIAL DECAY HODES

8/690
PHISE SHIFT IMIL 10/690

I & SHOD ltIV — PRODUCTION AÃQ ~TOT~ ggPgRIMgNTg

tftttttft tftfftttt ttttffttt tttttttft 100000000 Ofttffttf Ottfttft

PL N03/Z(1960) INTO Pl N

»»reer«e«ere»» 13 N03/2{19601 BRANCHING RATIOS

DECAY MASSE5
139+ 938 ~(a42O)

84 N03/2(2420 ~ JPej I/2e) I»3/2

PARTIAL MAVE ANA(YSIS OF BELLAMY 6? SUGGESTS J ll/2

84 N03/2{2420) MASS (IeEV)

0011fftft tttf ttftt 000000000 100010100 000110111 00001000f ttfffftf
REFERENCES NO3/2(1940)

OOHNACHL 48 PL 26$ L6L
KIRSOPP .68 THESIS
LEA 49 PL 29$ 584

A DONNACHIEe 8 G KIRSOPP ~ C LOVELACE tCERN) IJP
R G KIRSOPP {ED IN)
LEAeOAOES ~ MAROeCOMANe+ {RHELe BRISTOL ~ DAR)

Rl N03/2(1940) INTO (PI N)l TOTAL (P1)/TOTIL
Rl 3 {~ L54) DONMACHL 68 RVVE PHiSE SHIFT ANA» LD/690
RL 3 ( ~ 121 ~ KIRSOPP 68 RVUE PHASE SHIFT iNAL 10/d90

(23d0e 01 DIDDERS 63 CNTR Pl+ P 'TOTAL
(2520 0) t40»0) ALVAREL 64 CNTR PI PHOTOPROO
{2400»0) APPROX MAHLIG 64 OSPK 0 Pl P CH EX
(2440»0) HCHLER 44 RVUE DATI + OISP REL
2423»0 10eO CITRON 66 CNTR PI+ P TOTAL

8 (2452 ' 0) BARGER 66 RVUE TOTAL + CH EX
8 USES REGGE AMI +RESON ~ TO CALCULATE OIF ~ CROSS SECTIONS AT 180 OEGRE
8 FOR CRITICISM {LF THIS METHOD ~ SEE DOLEN 6S~

BC N03/2(2420) MIDTH I MEV)

7/66

7/64
Ll/67

000000 000001000 000000000 000000000 000000010 000000000 ttttftttt 00000000
100110 001011100 f1ffftftt Oftttftf1 Otfttf 001 010000000 Ofttft100 10000001

M

M

M

M 8

{200»0)
(245 ' 0)
310»0

(2?5~ 01
20»0

DIODE IIjS
HOHLER
CITRON
BARGER

63 CNTR
44 RVUE
64 CNTR'
66 RVUE TOTIL + CH EX

7/66
7/64

11/47

1151 IIV RgOIOI — PRODlJCTION AÃD eTO T~ gXPgRIWENTI
N03/2(2420) PARTIIL DECIZ MODES

M

M

M

M N

M

70 Mt (1950)

70 Nt (1950) MASS tHEV)

PROD. EXP.

tl922»01 iPPROX
(1912~ 0) {15»0)
(190b»0) {9»01
{208000) {12~ 0)
THIS SUMP IS NOT SEEN

70 Nt l 1950) MIDTH I MEV)

(256»0) {39 0)
40 »0 20» 0

DEVLIN 65 CNTR
YOON 47 HSC +

70 Mf t 1950) SRINCHING RATIOS

COOL 56 CNTR Pl+ P TOTIL
BRISSON 61 CNTR Pl+ P TOTAL
DEVLIN 45 CNTR PI+ P TOTAL
YOON 6? HSC + 3 SEV/C P I P

SY CHUNG 68 AT 3e2 GEV/C

7/66
7/46

8/67

8/47

Pi
P2
P3
PC

N03/2 (2420 ) INTO P I N

M03/2t2C20) INTO SIGMA K
N03/2{ 24201 IHTO N03/2( 1236) P I
N03/2{24201 INTO NEUTRON PI+ Pl+

BC N03/2(2420) BRANCHING RATIOS

DECAY MASSES
139+ 938

1197+ 493
123d+ 139
939+ 139+ 139

Rl H03/2 (2C20) INTO t PI N) /TOTAL (Pl)/TOTiL
Rl {0»067) APPROX OIDDENS 43 CNTR ISSUMING Jell/2 7/66
RL 0» 113 0 ~ 0036 CITRON 46 CNTR ISSUMIHG J~LL/2 7/44
Rl 8 (0»12) BARGER 67 FIT ISSUMING J 11/2 lllb?
RL O (0»163) DIKMEN 47 FIT ASSUMING J»LL/2 11/67

0 USES ONLY. RESONANCES TO CALCULATE DIF» CROSS SECTIONS AT 180 DEGREES
RL (0»06) KORIIANYOS 47 CNTR ISSUMING JRLL/2 11/67

Rl
RL

No t1950) INTO tPI N)/TOTIL
{0»57) I 0»121 DEVLIN 45 CNTR

O'ROD» EXPo
R2 N03/2(2420) INTO (PI H)0{NEUTRON I'I+ PI+1/tTOTIL'002)
R2 0»0195 0»004S GALLOMIY 68 RVUE

r
Ottfttttt 000000000 ttffttttf

{PLOPC) /TOT A(.002
6/6$

000000000 00000001
$2
R2

MO IL950) INTO lSIGMA K)/(Pf H) PROD ~ EXP ~
0»059 0»024 CHINO'MSKY 6$ HSC OO PP TO P SIG K 11/6$ REFERENCES Hf'3/2(24201

R3
R3

RC
k4

MO {1950) INTO IPI N)/(H03/2{123dl Pl)
LESS THiN 0»55 LEE 47 HSC

PROOe EXP o
Pl P 3~ 43 BEV/C 11/d7

M'1 t19501 INTO N15/2ll23d) Pl PI (NOT RHO)
SEEN CHINOMSKY 48 HBC ++ PP TO tO 3PI) M 11/dB

D IDDEN 5 63
ILViRE l 64
MAHL IG 64
HOHL ER 64
C ITRON ~ 66
BARGER bd

PRL 10 262
PRL 12 710
PRL 13 103
PL 12 149
PR 144 110L
PR 15L L123

+JENKIN5 ~ KYC IA e RILEY I BNL)
+SAR» YAM KERHeLUCKEYeOSBORNE ~ + (HIT eCEA)
+MANHELLI SODICKSOM FACKLER ~ MARD ~ + (MIT)
G HOHLER J GIESECKE (KARLSRUHE)
+GALBRAITHeKYCf A ~ LEONTICePHILLIPSe + (SHL) I
V SARGERe M OLSSON (MISC)

R4
Rd

MO (19501 INTO lYOL(13851 K)/(Pl N) PROOe EXP ~
0»035 0»015 CHINOMSKY 48 HBC ++ PP TO P LAM K PI 11/68

.%5 No t 1950) INTO t lPI N)1{NEUTRON Pl+ PI+) ) /TOTIL PROD ~ EXP ~
R5 0 ~ 05 0»0LS GALLOMAY d8 RVUE ++ Pl+P TO N 2PIO 4/6S BARGER 47 PR 155 1792

DIKMEH 47 PRL 18 798
KCRHANYO 67 PR L44 1661
OOLEN 48 PR 146 1768
GALLOMAY 68 PL 2dB 334

V SiRGERe 0 CLINE
F N DIKMEN
KORMANYOSe KR ISCH ~ OFALLONe +
8 DOLEN ~ 0 HORHe C SfHMID
K F GALLOMAY

I MISC)
(MICH)

{HICHeARG) P
{CAL TECH)

(INDIiNA) I
See the il(ustreted )rey Preceding the date Card lietinyee
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BARYON RESONANC ES
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SELLAHY 67 PRL 19 476 +SUCKLEY ~ DOSINSONP + tWESTFIELOPUNICOL) JP
BAACKE 67 NC 51A 761 J SAACKE ~ M YVCRT {KARLSRUHE ~ ORSAYlJ-L
'MAHL I G 68 PR 168 1515 M A MAHL IGP I MANNFLt I {MI TP P I SA)

FINAL VERSION OF DATA USED IN i(AHLIG 64 ~ IN CONJUNCTION W ITH
CITRON 66 TOTAL CROSS SECTIONSP THIS CHARGE EXCHANGE DATA GIVES
COMPLEX E{.ASTIC SCATTERING AHPL'tTUOE AT 0 DEGREES
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0*»Off »0000»tff 1»t»ff 00» S tttf »f1» ff»f tf ttt »00»»f 110»1tf»S»ff t»» f0»»»

h(3850} 03 N ~ 3/222030 JP 2 2 3/2

85 N»3/2{ 2850) MASS {HEV)

7/6(
7/66

Nl(

Note on Possible Z 's

Although it is not yet knowri whether the
peaks seen in the total KN cross sections near
i GeV/c are resonances, considerable progress
has been made in the' last year in understanding
the isospin-I channel. Since positive-strange-
ness baryons cannot be made from 3 quarks,
it is very important to find out if the peaks are
indeed resonances.

400 ' 0
(15060)

40 ' 0 CITRON 66 CNTR
BARDA DIN 66 HBC ++

7/66
7/6 6

Pl
(32
P3

85 N03/2(2850) PARTIAL DECAY MODES
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67 PR 155 1792
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67 PL 248 203
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SARGER0 0 CL[NE
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(MICHPARG) P
{CAL TECH)

PAPERS NOT REFERRED TO IN DATA CAROSN
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RI 8 ', {0 40) BARGE R 67 'RVUE USE S KQRM ANY OS66 11/6 7

8 USES REGGE AMPN»RESON ~ TO CALCULATE DIF ~ CROSS SECTIONS AT 180 OEGRE
8 FOR CRITIC['SM OF THIS 0(ETHOD3 SEE DOLEN 68

Rl D t0049) OIKMEN 67 RVUE USES KORHANYOS67 11/67
0 USES ONLY RESONANCES TO CALCULATE DIF CROSS SECTIONS AT 180 DEGREES

:.R 1 t 0010) KORHANYOS 67 CNTR PI-P AT 180 OEG ~ 11/67
Rl {0~ 39) DOBRO)(OLS 67 CNTR Pt+P AT 180 DEG

1»ffft»»0 tfffff »f1 tff01101» 11»f»010» 001»t»000 fttff»»00 10»Off»t

REFERENCES 'N03/2{2850)

Papers that were available a year ago
were rather extensively discussed in our last
edition (RMP~, 409 (4969); see pp. 47'l-3).
No new evidence on 'Z0 has been reported in

the last year, due to the difficulty of extracting
the I = 0 system from the deuterium data. As

Ot(

for the Z&, new experimental results have

been reported. Two expe rime nts measuring
+K p elastic-scattering polarization have been

published in ASBURY 69 and in two

ANDERSSON 69 papers. These results, com-
bined with previously measured total and elas-
tic-scattering cross-section data

(ANDERSSON-, 2 69 also adds new differential
cross-section data), make possible phase-
shift analyses in which it is not necessary to

reduce the number of fitted parameters by
ftffffftt »t»tft»»» tt»»0»f»»»S»»»»tft ttSS»tfft »ttft»»01»»tft»»f

0001~0 ftffffftt 001010»tf Of t»0»ff0 0»tf t»ttt tf f0tf 101

A(3330} 06 063/223230 JP ~ 2 2 3/2

86 N»3/2{ 3230) MASS {HEV)

H {323000) CITRON 66 CNTR Pl+ P TOTAL

86 N»3/2{3230) WIDTH t HEV)

7/66

constraining the partial waves to have some
s pe cific ene rgy de pendence. Such analys e s
are given in ASBURY 69 and ANDERSSON-2

69.

Pl
PZ

N»3/2{ 3230) INTO Pl N

N03IZt 32301 '[NTO N Pl Pl

M {440 Ol CITRON 66 CNTR

86 N03/2t 32301 PARTI AL DECAY MODES

DECAY MASSES
139+ 938
938+ 139+ 139

7/66 The best solutions found in the two analy-

ses agree with one another in outlin'e but not

in detail. The main point for this discussion

CITRON
BARGER
BARGER
OIK HEN
KCRMANYO
DOLEN

66 PR 144
66 PR 151
67 PR 155
67 PRL 18
67 PR 164
68 PR 166

1101
1123
1792
798
1661
174 S

+GAL SR A I TH 0 KY C I A ~ i.EDNT IC ~ P HILL [PS 3 + t BNL ) I
V BARGER ~ M OLSSON [MISC)
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R DOLEN3 0 HORN0 C SCHHID {CAL TECH)
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ENO PRODUCTION EXPERIMENTS
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86 N»3/2{ 3230) BRANCHING RATIOS

RI ONLY t J+1/2)0{ Pl N/TOTAL) MEASURED FOR THIS STATE
Rl {o.ob) CITRON 66 CNTR TOTAL CROS ~ SEC 11/67
(t I 8 {0003) {0~ 01) BARGER 66 RVUE TOTAL + CH EXC ~ 11/67
Rl 8 {0003) TO 001 BARGER 67 CNTR USES KORMANYOS66 11/67
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RZ 8 FOR CRITIC[ SH OF THIS METHODP SEE DOLEN 68 ~
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0»0000 1Oft»1 »'»0 0»ttff »»0 ttf 000000 ff0000000 0001»1000

REFERENCES —N03/2t3230)

is that, in each case, in the best solution

there is a resonance-like counterclockwise
motion of the P13 amplitude. This is shown

in the accompanying figure. ' The figure also
shows the speed IdfjdE I of the amplitude in

the Argand. plot for these two analyses
(ASBURY 69 and ANDERSSON-2 69) of the

0 ++elastic data and the K 4 reaction amplitude

of BLAND 68. The speed algorithm for E.
1

was

Sse the iiiustrsted ksy preceding the dsts card listings.
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Data in parentheses have not been included in our averages.

g (L()()5) 9» llo(ls»5, JP ~ ) Iso

dT I i+1
dE . Z E.1 x+1

SEE THE PRECEDING

&96 Z40(1865) HASS

NOTE ~

(MEV )

M 1868»0 10' 0 KYC IA 67 CNTR K+Pr 0 TOTAL 8/67
H 1860» 0 15 ~ 0 CARTER 67 THEO DISPERSION REL ~ 8/67
H ~ »»» ~ » ~ ~ ~

M AVG 1865~ 5 8 ~ 3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

except for the upper and lower energies,
where an unsymmetrical version must be
used. This plot shows a general enhance-
ment of the speed for the elastic channel in
the vicinity of 1900 MeV; however, because

PL
P2

Z40(LS65) INTO K N

Zeol1865) INTO N Kt(890)

DECAY HASSES
493+ 939
938+ 897

96 Z40( 1 865 ) WIDTH ( &EV)

'W 160 0 30»0 KYCIA 67 CNTR
200 0 50 0 CARTER 67 THEO

W ~ » ~ » ~ » ~

W AVG 170~ 6 25»7 AVERAGE (ERROR (NCLUDES SCALE FACTOR OF 1~ 0)

96 Z40(1865) PARTIAL DECAY HODES

8/67
8/6 7

of the uncertainty on each point in the Argand

plot, this evidence should be taken with caution.
Note that the elastic scattering partial cross
section has no visible structure, but falls off

RL
RL
Rl
RL
RL AVG

R2
R2

96 I 40( 1865 ) BRANCHING RAT IOS

(Pl) /TOTAL
67 CNTR IF Jel/2
67 THEO IF JKL/2

Zto(1865) INTO N «4(S90) lP2)
HAIN INELASTIC DECAY HIRATA 68 HBC

Z40(1865) INTO (K N)/TOTAL
0 ' 40 0 ' 05 KYC IA
0 ~ 31 0» 05 CARTER

~ ~ » ~ ~ » ~ » \
0 ' 355 0 F 045 AVERAGE (ERROR INC(. UDES SCALE FACTOR OF 1 ' 3)

8/67
8/67

11/68

smoothly. As for the inelastic channels, the
KNm cross section shows a rapid rise between
0.9 and 1.2 GeV/c. The largest part of the

+K p ~ KNm cross section is the quasi-2-body
reaction K p ~ KE, which in turn is fed most
by the Pi3 amplitude (BLAND 67 and. 68). The
'speed for KE shows a' rather unusual behavior.

etttetttt 444444444 ettttt444 44444444a etteattte 44444444

REFERENCES Z40(1865)

SEE REFERENCES FOR THE 241(1900)

44444444t ttt4444tt 444444444 tettetttt
444444 tt4444444 444444444 44'4444444 444444444 444444444 444444444 44444444

f ]9OP)»7 I ~ lt 1900, LL 1 I I'
1%

SEE THC NOTE PRECEDING THE 240(1865) ~

97 Zt 1 ( 1900 ) MA SS l MEV )

H 1900~ 0 10 0 KYCIA 67 CNTR +4 K+I TCTAL

97 Zelt 1900) W(DTH (MEV)

8/67

The large value at low energy could be attrib-
uted. to the threshold behavior, while the

large speed near 200 MeV could be associated
with a resonance. Thus in both the elastic
and inelastic channels, the Pi3 amplitude is
quite firmly established as the candidate for
resonance-hood.

An almost certainly correct way to de-
scribe the Pi3 amplitude would be in terms
of a coupled. -channel threshold effect: The

KN amplitude becomes rapidly absorptive as
it feeds the rapidly increasing KD channel.

The main question still remains: Is it also a

resonance? If it is, its elasticity is only

about 0.25 and it d.ecays mainly to KA. But
a definite conclusion has yet to be made. To
make it may require some more work from
cape rime ntalis ts.

Zor anothe r dis cuss ion, s ee LEVI
SETTI 69.

Reference
I. D. He rndon, A. Barbar o —Galtie r i, A. H.

Rosenfeld, UCRL-8030 Part II. See this re-
port for the Argand plots and the speed plots

of K data.+

W 260 ' 0 50 ' 0 KYCIA 67 CNTR ++

97 Ztlt1900) PARTIAL DECAY HDDES

S/67
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Ztl(1900) INTO K N
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0 ' 25 0 ' 06 KYC IA
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67 THEO DISPERSION REL ~ 8/67

R2
RZ

Z41(1900) INTO K N43/2l 1236)
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(P2)
t7 HBC ++ 8/6 7

Ztl CROSS SECTiON LIMITS (MICROSARNS)

CS LESS THAN 50 ~

CS A LESS THAN 2 4 3
CS A ABOVE LI)(IT FOR
CS 8 LESS THAN 1~ 4 +1 9
CS 8 ABOVE LIHIT FOR

SASSOHPIE 68 HBC K+P TO Zt+ PI+
~ ~ 1 ANDERSON 69 ASPK + PI P TO K~Zet

H~L 2 TQ 1 ~ 4 GEV CL~ 99 P C»
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Mal 5 TO 2 ' 5 GEV

10/6 94
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TOTAL-CR055 SECTION EXPER IMENTS
COOL 66 PRL 17 102, +GIACOHELLIrKYCIArLEONTIC ~ LlrLUNOSYr+ I SNL) I

SL(GHTLY REVISEO RESULTS FROM KYCIA 67 REPLACE COOL 66—
KYCIA 67 PRIVATE COMM ~ 7 F KYCIA 'i BNL) I
ASRAPS 67 PRL 19 259 +COOL GIACOMELL I KYCIArLEONTIC L I + (BNL)
BUGG 68 PR 168 1466 +GILMORE ~ KNIGHT ~ + ( RTHFD ~ BRMGHMr CVNDSH) I

OI SPERS ION-RELATION CALCULATION USING TOTAL CROSS-SECTION DATA

CARTER 67 PRL 18 801 A A CARTER (CAVENDISH)
CARTER 68 PREPR INT A A CARTER (CAVENDISH)

EXPERIMENTS HAINLY ABOUT INELASTIC CHANNELS
BLAND 67 PRL 18 1077 +SOWLERrBRDWNrG+5 GOLDHASERrSEEGER ~ + (LRL)
BLAND 68 UCRL-18131 THESIS R W BLAND (LRL)
HIRATA 68 PR(. 21 L485 HIRATA ~ WOHLr GCLOHABER ~ TRILLING (LRL)
BLAND 69 NP t SUBMITTED) +BOWLERr BROWN KAOYK ~ GOLDHABER r + (( RL)

A K-MATRIX ANALYSI 5 OF SOME OF THE EARLY K+P OATA-
HITE 67 THFSI5 ~ G E HITE ( ILL INDI 5)

THE
CARROLL
ANOERS-1
ASSURY
BLAND
BGRT

HAIN K+P ELASTIC SCATTCRING ANO POLARIZATION EXPERIHENTS
68 PRL 21 1282 +F I SC HER s L UNDBYr PHILL (PS r + ( BNLr ROCH)
69 PL 288 611 ANDERSSON ~ DAUMr ERNE ~ LAGNAUXr + (CERN)
69 PRL 23 194 +DOWELL ~ KATO ~ LUNOQUI ST NOVEY ~ + l ARG HO)
69 PL 298 618 R W BLAND ~ G GOLOHABERr G H TRILLING (LRL)
69 LUND PAPER 26 BOLOGNA rGLASGOWrROMEr TRIESTE COLLASORAT

ANDERS-2 69 PL 308 56 ANDERSSON DAUM ~ ERNEr LAGNAUXr + (CERN)

THE MA IN PHASE-SHIFT ANALYSES ARE ASBURY 69 AND ANDERSSON-2 691I LISTED
ABOVE' 'THE FO(.LOWING ANALYSES DONT INCLUDE THE POLARIZATION DATA GIVEN
IN THOSE TWO PAPERS --

LEA 68 PR 165 1770 LEA ~ HARTINr OADES (RTHFD ~ SNLrCERN)
HARTIN 68 PRL 21 1286 8 R MARI' IN (SNL )
HALL 69 UCRL 19231 HALLr BLAND r GOLDHASERr TRILLI)(G (LRL)
LEA 69 LUND PAPER 362 LEArMARTINrOADES tRHEL+UCL)

PRODUCT ION EXPERIMENTS THAT LOOK FOR A Zt
TYSON 67 PRL 19 255 +GREENBERGrHUGHE5 ~ LUsMINEHARTrMORI ~ lYALE)
MORI 68 PL 288 152 +GREENBERGrHUGHES ~ LUrROTHSERGr + (YALE)
BASSOHPI 68 PL 878 468 BASSOHPIERREs + (CERN»SRUXELLES)
ANDERSON 69 PL 298 136 +SLESER ~ BLIEDEN ~ COLLINSr + (BNLrCARNEGIE)

ANDERSON 69 REPLACES llHAT WAS PREVIOUSLY L I STED AS 8IRNBAUM 6T

LATEST RELEVANT RAPPORTEUR TALK
LEVISETT 69 LUND CONF R LEVI 5ETTI (RAPPORTEUR) (CHICAGO)

etttet 444444444 sta444444 444444444 41 4444444 444444444 444444444 44444444

REFERENCES —Z 41( 1900)
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BARY ON RESONANCE S

Note on Y
KIr

The number of known or suspected. Y

states has increased considerably in the last
year or two, following closely a similar in-

i&r

crease in the number of N states. Just as
4rrp

the recently discovered N 's are only weakly

coupled in the mN ~ mN reaction, so also are
OtC

the recently discovered Y 's only weakly

coupled in the KN ~ KN, KN ~ Acr, and

KN ~ Zm reactions. The older, well-estab-
lished resonances are usually clearly visible
as peaks in cross sections, as characteristic
variations of angular distributions of 2-body
final states, and. (or) as peaks in invariant-
mass distributions of subsets of particles in

3-or-more-body final states. Although some
of the newer and less-well-established reso-
nances are seen as small peaks in invariant-
mass distributions, many of them make no

direct appearance at all, often because there
are many states at the same mass and it is
not clear which ones (or how many) are being

observed. Rather when the 2-body reactions
are partial-wave analyzed, some of the ampli-
tudes are found to traverse resonance-like
counterclockwise circles. Clearly the results
of partial-wave analyses give the S infor-
mation, whereas a peak seen in an invariant
mass distribution or a total cross section
usually cannot be analyzed for its quantum

numbers. VTe will keep information coming
from formation experiments and, from pro-
duction experirrients separate, whenever

necessary.
Fo rmation expe r iments. Partial-wave

analyses have been performed on many chan-
nels, mainly KN, Am, Zm, ™K. G-ven the

present accuracy of the data it is not possible
to perform a completely energy-independent
analysis, that is, solve for the partial-wave
amplitudes at each energy. Usually many
solutions are found and even when it is re-
quired that solutions at neighboring energies
join smoothly, it is not possible to select a

unique overall solution. To overcome this,
one specifies the form of the energy dependence
of some or all of the partial-wave amplitudes.
Analyses in'which the energy dependence of all
the amplitudes ~is specified are called energy
dependent. Thus an amplitude known to reso-
nate will be given a Breit-%signer form,
whereas an amplitude not a priori known to
resonate may be tried alternately with a reso-
nance form and with some simple nonresonant
form, the choice between these then being
made by comparing the goodness-of-fit par-
ameters for the two fits. Not surprisingly,
sometimes neither fit is very good, nor is
the choice between them always clear. Errors
given on resonance parameters from this kind

of analysis tend to be small, for they are
usually only the statistical errors and don' t
reflect the quite possibly large systematic
errors that result from the restrictive par-
ameterization forced on the amplitudes.

Analyses in which most of the amplitudes
are left unspecified are called {not quite cor-
rectly) energy independent. Figure i shows

results of such an analysis of the reaction
K p ~ Am by ARMENTEROS 69. The D&5
amplitude was fixed as the Z (f765) with

resonance parameters obtained from an earlier
energy-dependent analysis. This amplitude
acts as an analyzer for the other amplitudes,
which were allowed to vary freely. The S&&
and D&3 amplitudes appear to resonate.
Figure 2 shows results of a similar analysis,
also by ARMENTEROS 69, of the reaction
K p ~ Zvr. Here the D&3Z(f660), D03
Q (&690), D~5 Z (1765), and, F 5A (f815) were
fixed. It appears that several of the other
amplitudes may resonate too. It should be
clear from the figures that it is not always

possible to decide whether or not an amplitude
resonates. Neither is it possible to determine
very accurately the parameters of the ampli-
tudes that do resonate, nor to assign mean-
ingful errors to the parameters. The state
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Fig. i. Partial-wave amplitudes for the reaction K p~ Am as determined in the energy-inde-
pendent analysis of ARMENTEROS 69. The K laboratory momenta are indicated. The arrows in

a circle, drawn in the lower part of the imaginary axes, fix the sign convention used. See

LEVI SETTI 69. Notice that the sign convention used here is different from the one of the Argand

plots of our previous edition [RMP 44, 109 (1969)].
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BARYON RESONANCES

MeV region. See note preceding Z (1620) and

Z (4660) listings for detailed discussions.
Table I is an attempt to evaluate the status

of the various Y 's. The evaluations are of
cour s e partly s ubj e ctiv e. A blank indicate s

that there is no corresponding evidence at all.
This may mean either that the relevant
couplings are small or that the resonance does
not really exist. The BARYON TABLE in-
eludes only the well-established resonances.
It seems clear, however, that whereas any

particular one of the questionable resonances
may disappear with the next analysis, there
definitely are many new resonances underlying
those we are more familiar with.

References
»l(

For a recent review of Y resonances
see R. Levi-Setti, rapporteur talk at
the Lund Internation Conference on

Particle Physics (Lund, June 4969).
Yt TABLE I ~ THE PRESENT STATUS OF THE Yt RESONANCES ~ THOSE WITH AN OVERALL ~

STATUS OF 111 OR 1111 ARE INCLUDED IN THE BARYON TABLE ~

PARTICLE LIJ

STATUS AS SEEN IN-
OVERALL TOTALe
STATUS CR SEC KSAR M LAM PI SIG PI OTHER CHANNELS

oI(

Qf knowledge of the newe r Y ' s i s rather more
qualitative t han quantitative.

Production experiments. These types of
experiments are often difficult to analyze.
Information on I = 0 states is possible only
when there is no I = l. state at similar mass.
The main controversies at the present time
lie in the resonances in the f600- to 1700-

Y CHANG
BUBELEV
OAHL
SOZOKL
TAN

64 DUBNA CONF I 615 YUNG CHANGr LNr KLAONITSKAYA ~ + (DUBNAl
e7 pL 248 24( +CHADRAAr CHUVILO» + t JINR»BUCHARESTrCERN)
67 PR 163 1377 DAHLr HARD'Yr HESSr KIRIL IelLLER (LRL I
68 PL 288 360 +FENYVES ~ GENES' + (BUDAPEST ~ DUBNA)
69 PRL 23 101 T H TAN (SLAC)

tet tet ttttttttt ttttttttt ttttttttt tttttt 111 ttttttttt 1111111111111111
111111ttttttttt 11111111111111'tttt tt1111111 ttettttt ~ 111111111ttt111t

A(1405)
37 Y10(1405~ JP~L/2 ) I 0 Q 1
THIS RESONANCE CAN BE IDENT IF IED WITH THE VIRTUAL BOUND
STATE IN THE KRAR N SYSTEM FOUND II( THE ANALYSIS OF LOW

EMERGY K»P INTERACTION» WE LIST SUCH EXPERIMENTS SEPA»
RATELY BELOW» WE USE ONLY PRODUGTIOM EXPER IHENT5 FOR
AVERAGING OF PASSES AND WIDTHS

37 Y10(1405) HASS (HEV)

(1405»0l
(1410»0)
(1405»0)

1400 ' 0
(L382 ~ Ol

67 1400»0
120 L405 ~ 0

~ ~ ~ ~

AVG 1402 F 4

24 ~ 0
(8 ~ 0)

5 ' 0
5 ' 0

3~ 5

ALSTON
ALEXANDER
ALSTON
HUSGRAVE
ENGLER
RIRHI HI'HA

GALTIERL

61 HSC
62 HBC
62 HBC
65 HBC
d5 HDBC
66 HBC
68 DBC

K-P 1 ~ 15 BEV/C
P I P 2 ~ 1 BEV/C
K-P 1 2 5 SEV/C
PBAR P 3 4 SEV/C
PI-P, Pl+0 1.68'

3 5 K P
K-0 2 ~ 1-2~ 7BEV/C

AVERAGE (ERROR INCLUDES SCALE FACTOR CF i»0)

7/66
7/66
9/6 7
6/6 8

37 Y10(1405) WIDTH I MEV)

W

W
'W

W

W

W

W

W AVG

(20 ' 0)
35' 0

(50 ' 0)
60 0

(89»0)
67 50» 0

120 35 ~ 0
»» ~ ~

38 ' 1

5 ' 0

20 ' 0
(20 ~ Ol

10' 0
8 ~ 0

~ ~ ~ ~ »
3 ' 9

ALSTON
ALEXANDER
ALSTON
HUSGRAVE
ENGLE R
8 IRMLNGHA
GALTIERI

61 HBC
62 HBC
62 HSC
65 HBC
65 HDBC
66 HSC
s8 DBC

7/66

7/6 6
7/es

3' 5 K P 9/6 7
K-0 2 ~ 1-2 78EV/C 6/68

AVERAGE (ERROR INCLUDES SCALE FACTOR DF 1 ~ Ol

PL

37 ytot 1405) PARTIAL DECAY MODES

Y10( 1405) INTO SIGMA PI
DECAY HASSES

1197+ 139

tet ttt 111111111ttttttttt ttttttttt tttettttt ttttttttt 111e11111 tttttttt
REFERENCES Yto(1405)

ALSTON 61 PRL 6 698
ALEXANDE 62 PRL 8 447
ALSTON 62 CERN CONF 311
HUSGRAVE 65 NC 35 735
ENGLER 65 PRL 15 2/4

+ALVAREZr EBERHARDrGOOOr GRAZLANO ~ + (LRL) I
ALEXANDER r K ALBFL EISCHr HILLER r SMITH ( LRL ) I
+ALVAREZ ~ FERRO-LUZZI ~ ROSENFELOr + (LRL) I
+PETMEZAS ~ + t BLRMGHHrCERNrEPrlMPCOLrSACLAY)
+F ISKr KRAEHERrHELTZERr WESTGARO ~ + (CRNGr BNL) I J

A 18 L AMSDA ( 1115~ JP~ 1/ 2+ ) I~0

SEE LISTINGS OF STABLE PART IC(.ES
111111111tttttttt1 ttttttttt tttttt11t ttttt ~ 111 111111111tttttttt

tttttt ttttttttt ttttttttt ttttttttt ttttttte1 t*tttttte ttttttttt tttttttt

$(1330) $7 Ye»(133» JP I II 0

~SEE THE MINI-REVUE AT THE START OF THE Yt LISTINGS ~

+A oE LS SEE HE 1 30 E IN T E A BD GA A SPEC
TRUH IN THREE Pl- PROPANE EXPERIMENTS (YUNG CHANG 64 ~

BUSELEV 67r ANO BOZOKI 68) ~ LN THE FIRST 7WOr THIS
WAS TAKEN AS INDIRECT EVIDENCE FOR THE Y10(1670) DECAYING TO LAMBDA
ETA WITH THE ETA DECAYING TO TWO GAMHAS IN THE THIRD EXPERIMENT
THIS INTERPRETATION HAS BEEN RULED OUT ~ BOZOKI 68 HENTION THE POSSI
BILITY OF THERE BEING A Y10( 1330) WITH A NARROW WIDTH tLT 25 HEV) ~

BUT DEFER SERIOUS CONSIDERATION OF IT UNTIL THERE IS HORE DATA»

SHOULD SUCH A RESChANCF. EXIST LT SHOULD SE SEEH IN Pl P TO KO +
t MISSING MASS) ~ OAHL 67 FOUND NO EVIDENCE FOR IT ~

A SEARCH FOR A NEW Y10 NEAR THE LAHBDA OR SIGHA MASS WAS HADE BY
TAN 69» NONE WAS FOUND

tttttt 111111111111111111tttttttt1 111111111t11111111111111111ttttttt
REFERENCES —Y10( 1330)

SIRMINGH 66 PR 152 1148
GALTIERf 6S PRL 21 573

BIRHINI'HAHr GLASGOW I C ~ OXFORD RUTHERFORD
BARSARD GALTIERI ~ CHADWICK +,(LRLr SLAC)

LAM(1330)
LAH(1405) 501
LAM(1520) 003
LAH(1670) 501
LAN( 1680) P01
LAH( 1690) 003
LAH(1800) P01
LAH( 1815) F05
LAH(1830) D05
LAH(1860)
LAM(2015) F07
LAM(2100) G07,
LAM(2350)

SLG(1385) P13
5IG( 1440)
SIG(1480)
SLG( 1560) Pl 1
SLG(1620)
SIG(1670) 013
SIG( 1690)
5 IG(1750) 511
SLG(1765) 015
SIG(1880) F1 1
SIGI1915) F15
SIG(2030) F17
SLG(2130) G17
SIG(2250)
SIG(2455)
5IG(2595)
SIG(3000)

1111

1111
tttt

1

ttt
1111

ett

F
0

R

I
0

0
E

M

F
0

R

LAN GAM

LAH 2PI ~ LAN GA
I.AH E TA

LAM 2PI ~ SIG 2P

5 IG( L 385) PI

LAH 2-PI
SEVERAL OTHERS
LAH 2-PI
SIG ETA
SEVERAL OTHERS

11'1~ GOOOr CLEARS AND UNMISTAKABLE
GOODr SUT FOR ONE REASOM OR ANOTHER' NOT CERTAIN»
NEEDS CONF IRMATI ON ~

WEAK OR REPUDIATED
ATTRISUTEO TO THE RESONANCE CLOSER IH MASS TO WHERE TOT» CR ~ SEC ~ PEAKS

» 4(1405) EXTRAPOLkTlON BELOW THRESHOLD
SEE NOTE IH Y10t 1405) PRODUCT ION EXPER IMEHTS THE 0 IF
F ICULTIES IN 'EXTRAPOLATING FROM THE PHYSICAL REGION TO
THE RESONANCE LOCATION ARE DISCUSSED BY DALITZ 67.

37 Y10(1405) MASS (MEV)

H

H N

H N
H

M

M

(1410 7)
t 1409»b)

t1407 ~ 5)
t 1403»0)
( 1416~ 0)

(1 0)
( I ~ 7)

(1 2l
(3 ~ Dl
l4 ~ 0)

K IM
SAK ITT

DATA OF SAKITT ARE
KITTEL
KIM
HARTIN

, 65 HBC
d5 HBC

USED fH
66 HBC
67 HBC
69 HBC

0-EFF-RANGE F IT
0 EFI' RANGE F IT

FIT BY KITTEL ~
0-EFF-RANGE FIT
K IIATRIX F LT (KP )
CONST ~ K MATRIX

.7/66
7/66

7/bd
8/e7

10/691

37 Y10(1405) WfDTH (MEV)

W

W N

W

W

W

(37 Ol
(28.2)
(34 ' 1)
(50' 0)
(29 ' 0)

(3»2)
(4 1)
(4 ~ L)
(5 0)
(6»0)

KfM
SAK ITT
KITTEN
KIH
HARTIN

65 HBC
65 HSC
66 HBC
67 HBC
69 HBC

7/6 6
7/66
7/66

K MATRIX FIT(KP) 8/67
CONST ~ K MATRIX 10/691

tttttt tet 111111111111111111ttttttttt ttttt1111 ttttttttt 1'ttttttt

PAPERS NOT REFERRED TO IN DATA CARDS ~

ABR AHS 65 PR 139 8454 G 5 ABRAMSr 8 SECHL-ZDRH (MO) I JP
KADYK 6& PRL 17 599 +ORENr G+5 GOLOIrABER ~ TRILLING (LRL) I JP
DONALD 66 rsL 22 711 + EDWARDS r LYS NI SAR MOORE (L IVERPDOL)

ABRAMS 65 KADYK 66 AMO DONALD 66 SUPPORT THOSE EFFECTIVE RANGE

F IT SOLUTIONS GIVIHG AN I»0 51/2 RESONANCE ~

11111 ttttttttt ttttttttt 111111111111111111ttttttttt t1111111
tf1 ttttttttt 111111111111111111ttttttttt ttttttttt 111111111tttttt11

See the illustrated key preceding the date card listing.
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BARYON RESONANCES
Data in parentheses have not been included in our averages.

KIM
SAKITT
K ITTEL
DALITZ
K IM
MART IN

65 PRI. 14 29
65 PR L39 87L9
66 PL 21 349
67 PR 153 1617
67 PRL 19 1074
69 PR L83 1352

REFERENCES Yto(1405) f1&0M EXTRAPOLATIONS

J K KIM (COLUMBIA) I JP
+DAY EGLASSER SEEMAN ~ & R IEDMAN ~ + I MOELRL ) IJP
W KITTELS G OTTER ~ I WACEK (VI ENNA) I JP
DAL ITZ E MONG ~ RAJASEKARAN {OXFORDS BOMBAY)
J K{M {YALE) JP
8 R MARTINE M SAKITT {UCL+BNL)

P 1 P 2 P 3

Fittc&1 Partial Decay Mode Branching Fractions
Diagonal clemente are PttbPL'1 BPL -" AE/( &P.SP.)I 1
&ion coct{icicnts = ( bP. & P.) j(&P.' &P.).i j i j

e
Ot{-diagonal elements are correia-

44444»s»4 444441»ft tftt»ets» 4»4444444 tstts4444 4444»»st» 4444»414

ENO -EXTRAPOLATION BELOW THRESHOLC-

444444 tttt»4114 444444»11 f»4444444 14»1ttft» 1»4141444 44»44»ttt
ttttft 444»ftssf »»444»tt» »4»t»44»1»ttf »test 444444444 tfttt»t»4 t»tfft»s

38 Ytot 1520 ~ JPNT3/2-) Isso O 3D'

PRODUCTION ANO FORMAT ION EXPERIE&ENTS AGREE QUITE MELL
WITH EACH OTHER ~ THEREFD&&E THEY HAVE NOT SEEN SEPARATED
FOR THIS P ART ICL E

P 1 «458& ~ 010
P 2 ~ 704 e 408+ ~ 010
P 3 - 289 - ~ 361 ~ 096+ ~ 007
P 4 ~ 063 - ~ 055 «034 ~ 008+ ~ OOL
P 5 - ~ 158 e 137 ~ 085 ~ 006 «020+- ~ 003
P 6 - ~ 067 -«059 - ~ 036 -«003 «006 ~ OLO»» 001

44tt»t »4»tftt»t 144»4444» »414»tttt 44444»tt» ttffttttf 4141»tttt 444»4444.

REFERENCES - Yto{1520)

38 Ytot 1520) MASS (MEV)

1519«4 2.0 WATSON 63 HBC
~ 14'5 1517' 2 3 ' 0 GALTIERI 63 DBC

29 1520~ 0 4 ~ 0 ALMEIOA 64 HBC
t151leo) t15 ~ ol MUSGR AVE 65 HBC

30I 1510~ 01 t 2 ~ 0 1 8 IRMINGHA 66 HBC
B 1517 2 1 ~ 2 BURKHAROT 69 HBC
8 QUOTEO ERROR INCREASEO TO ACCOUNT FOR
8 TWO MEASUAEMENTS CONE BY SAME AUTHORS

~ ~ ~ ~ ~ ~ ~ ~ ~

1517 85 0 95 AVERAGE {ERRCR INCLUDESAVG

K-P ALL CHANNEL S
K D 1 ~ 51 BEV/C
K-P 1«45 BEV/C
PBAR P 3-4 BEV/C

3 ~ 5 K P
K P ~ 8 I ~ 2 GEV/C

DISAGREEMENT BETMEEN
IK-P AND SIGMA PI )

SCALE FACTOR OF 1.0)

7/66
9/6 7

10/694

BIRM INGH
DAHL
DAUBER
UHL I G
MAST
SCHE UER

66 PR 152 1148
67 .PR 163 1377
67 PL 248 525
67 PR 155 1II48
68 PRL 21 1715
68 NP 88 503

WATSON 63 PR 131 224S
GALT]ERI 63 PL 6 296
ALME ICA 64 PL 9 204
IIIUSGR AVE 65 Nc 35 735
ARMENTER 65 PL 19 338

M 8 WATSONE M FERRO-LUZZI ~ R D TRIPP (LRL) IJP
A BARBARO GALTIERI ~ A HUSSAIN ~ RD TRIPP {LRLl
5 P ALMEI CA ~ G R LYNCH (CERN)
+PE TME ZAS ~ + ( B{RMGHPECERN ~ EP ~ I MPCCLE SACLAY)
ARMENTE ROSE F- LUZZI ~ + I CERNr HE IOEL ~ SACLAY)

BIRMINGHAMSGLASGOM ~ I«C ~ E OXFCRDERUTHERFORC
DAHL sHARDYO HE 5 S ~ K I R I ~ MILLER {LRL)
+MALAMUD ~ SCHLEINE SLATER ~ STORK (UCLA)
+CHARLTON ~ CONDON ~ GLASSEREYODHE+ ltEC ~ USNRL)
MAST ~ ALSTONEBANGERTEREGALTIERI+ (LRL)
SABRE COLLAB« (SACL+AMST+SGNA+REHO+EPOL)

30

AVG

38

16 4
{19«0)
{50«01
(18' 0)

14«7
e ~ ~ ~ ~

15 5

YslO(15201 WIDTH {MEV)

WATSON 63 HBC
)IUSGRAVE 65 HBC
S IRMINGHA 66 HBC
OAHL 67 HBC
BURKHARDT 69 HBC

2 ' 0
{19' 0)
l 10 ~ 0 1

OR LESS
1 ~ 8

~ ~ e ~
1«3 AVERAGE (ERROR INCLUDES

3~ 5 K- P

K-P 8-1 ~ 2 GEV/C

SCALE .FACTOR OF 1 01

7/66
9/e7
9/66

10/6 9el

ARMENTER 69 L'UNO PAPER
BURKHARO 69 LUND PAPER
GALTIERI 69 LUND PAPER 91

ARMENTEROS ~ fERRO LUZZI + {CERN+HELD)
+F I LTHU'TH ~ KLUGE + {HEIO+EF IN+CERN+SACL )
BARSARC GALTIERISBANGERTERsMAST ~ TRIPP tLRL1

444tt4441 44»4»»f4» t»S»»S»4» 444»tt»44 tttt»tt»f »S»tttt»t fttttttt
»»fete»44444444 »t»414»ts 444»4»sf» 4»444»444 14444»ttf ttts44444 ffts1»44

40 Ytot1670E JPRRI/2-1 Leo
EF«S I

( ) SEE THE IIINI-REVUE AT THE STIIRT OF THE I~ LISTINGS.

PL
' P2

P3
P4
P5
P6
PT

W1
Wl
Mi

W2
W2
W2

38 Yto(1520) PARTIAL DECAY MODES

INTO KBAR N

INTO Sl rEMA Pl
INTO LAMBDA PI PI
INTO LAMBDA GAMMA

INTO SIGMAO GAMMA

INTO SIGMA Pl Pl
INTO t Yti (13851+PI )

Yto{1520 )
Ytot 1520)
Y»0& L520)
Y»0( 1520 )
Y»0(1520)
Yto( L520)
Yto( 1520)

38 Y40( 1520) PARTIAL W IDTHS (MEV)

Ytot 1520) INTO SIGMA PI
(9~ 0) ( I ~ ol WATSON 63 HBC

FOR NE'k RESULTS SEE GALT IERI 69 SELOM

%Me e « 38 Yfot 1520) BRANCHING RATIOS

Y»Q{ 1520) INTO KSAR N

{4~ 8) (0 ~ 51 ' WATSON 63 HBC
FOR NEW RESULTS SEE GALT IERI 69 BELOW

DECAY MASSES
497+ 939

1197+ 139
LLL5+ 139+ 139
1115+ 0
1192+ 0
L 197» 139+ 139
1385+ 139

t Pl)

I P2)

THIS RESONANCE IS MELL ESTABLISHED ~
( SEE THE NOTE FOR THE Yto(1330) ) ~

40 Yto(1670) MASS (MEV 1

M ( 1666~ 0)OR{ 1675~ 01 SERLEY 65 )&BC 0 K-P TC LAM ETA
M THE F IR ST VALUE AS SUMES THE BRANCHING RATIO INTO LAMBDA E TA I 5

SMALLE THE SECOND THAT IT IS (. ARGE ~ BECAUSE THE RESONANCE IS NEAR
THE LAE(BOA ETA THRESHOLDE THE BRANCHING RATIO AFFECTS THE MOMENTUM

DEPENDENCE OF THE TOTAL WIDTHS ANO THUS ALSO THE RESONANCE PARA
METERS OBTAINEO SY FI TTING TO THE DATA ~

( 1663 ~ ol t 3 ~ 0) ARMENT 1 68 HBC 0 ELASTIC ~ CH EXCH
(1678~ Ol (2«ol ARMENT-2 68 HBC 0 K-P TO SIGMA PI

N (1662~ 0) t 3 0) ARMENT-4 69 HBC 0 ELAST ~ CH«EXC«EO
N {1680' 0) {1«0) ARMENT 4 6% HSC 0 K-P TO SIG Pl ~ EO
A t 1674«0) (5~ 0'1 ARMENT 3 69 HBC 0 MULTICHANNEL
A THE MULTICHANNEL ANALYSI S III&CLUDES ELASTIC ANO SIGMA PI ~

N THE APPARENT DISCREPANCY BETWEEN THESE RESULTS IS PROBABLY NOT
SERIOUS ~ THE ERRORS GIVEN ARE JUST STATISTICAL ~ THE SYSTEMATIC
ERRORS THAT RESULT FROM THE RESTRICTIVE PARAMETERIZAT ION FORCED ON

THE PARTIAL-WAVE AMPL ITUOES ARE NOT INCLUOEOs AND CAN BE LARGE ~

7/66

1L/68
11/68
9/691
9/691
9/69»

10/691

RL
RL
RL
.R 1
RI
RL
Ri
RL
RL

AVG
FIT

Yto{1520) INTO
1 ~ 72
0«73
0 96
I ~ 06
0 ~ 82

~ ~ ~ ~ ~ ~
0 ~ 851
0 ~ 89L

SIGMA
~ 78

0«LL
0 ~ 20

F 14
0 ~ OS
~ ~ e
0 ' 064
0 ' 037

t P2)/( P I)PI )/(KBAR N)
MUSGRAVE 6'5 'HBC

DAUSE R 67 HBC
DAHL 67 HBC
SCHEUER 68 OBC
BURKHAROT 69 HBC

8/6 7
K P AT 2 ~ GE'V/C 8/67
PI-P 1~ 6-4 GEV/C 9/66

0 K N 3 GEV/C 10/69s'
K P ~ B-L ~ 2 GEV/C 10/691

AYERAGE (ERRCR INCLUDES SCALE FACTOR CF I e 1 )
VALUE FROM CONSTRAINED FIT

W M

M

W A

M N

W N

(22«0)OR(15 ' ol
{26F 01 (8 F 01
{26' 0) ( 5 0 )
(23 AD) (3 0)
{38F 0 1 (15«0)
t33 ~ 0) (5 01

SEE THE NOTES

BER LE Y
ARMEN T~ I
AR MEN T 2
ARMENT~3
ARMENT
ARMENT-4

ACCOMPANYING THE

40 Yto(1670) WIDTH (ME V)

65 HBC '0 SEE NOTE 1( ABCVE
68 HBC 0 SEE NOTE N ABOVE
68 HBC 0
69 HBC 0
69 HBC 0 ELAST ~ CH EXC ~ EO
&9 HSC 0 K-P TO SIG PI ~ ED

MASSES QUOTEO

7/6 6
I L/68
1L/68
9/6 9el

9/694
9/69»

R2
R2
R2
R2
R2
R2
R2
R?

AVG
F IT

Ytot 1520) INTO (LAMBDA
0 ~ 2L 0 ~ 18
0 ~ 17 0 ~ 05

~ 19 ~ 04
0 ~ 22 0 F 03

~ ~ ~ ~ ~ ~ ~ ~ ~
0 202 0 021.
0«210 0 ~ 017

PI PI )/{KBAR N)
DAUBER 67 HBC
DAHL 67 HRC

. ScHEUER e8 oBc
BURKHARDT 69 HBC

(P3) /( P 1 )
K-P AT 2 ~ GEV/C 8/67
PI P 1 ~ 6-4 GEV/C 9/66

0 K-N 3 GEV/C 10/694
K-P ~ 8-1«2 GEV/C 10/694

AVERAGE (ERROR Is&CLUDES SCALE FACTOR OF 1 01
VALUE FROM CONSTRAINED F IT

Pl
P2
P3

40 Yto{1670) PAP 7 IAL DECAY MODES

Y»0{ 1670) INTO KBAR N

Yto( ie7o) INTC LAMsoA ETA
Y»0( 16701 INTO SLG &A PI

40 Y 40 {1670) BRANCHING RATIOS

DECAY MASSES
497+ 939

1115+ 548
1189+ 139

R3
R3
R3
R3
R3
R3
R3

AVG

F IT

e ~ ~ ~ ~

3~ 94
4 ' 24

Yto ( I 52 0 1 INTO
4 5
3 ~ 3
3 ~ 9

t SIGMA PI)/ {LAMBDA P I PI ) (P2)/(PB)
I 0 ARMENTERO 65 HBC
I ~ 1 SIRMINGHA 66 HBC 3 ~ 5 K P
leo UHLLG 67 HBC

'
K P ~ 9 1 ~ 0 SEV/C

e « ~ ~

0 ~ 59 AVERAGE {ERROR INC(. UDES SCALE FACTOR OF I ~ 01,
0 ~ 35 VALUE fROM CONSTRAINED FI.T

7/66
9/6 7
9/6 6

RL
Rl
Rl
RL

RL

Yto& 1&70) I({TO (KSAR Nl/TOTAL (PL)/TOTAL
P (0 14) (0 04) ARMENT-1 68 HSC 0 OLO DATA
P 0 ~ 14 0«04 ARMENT 4 69 HSC 0 NEM DATA
P THIS I 5 THE DIAMETER OF THE CIRCLE IN THE ARGANO PLOT ~ IT IS

SUPERIMPCSEO ON A LARGE BACKGROUND
(0 ~ 17) ARMENT-3 69 HBC .0

LL/68
9/691

9/6 94

R4
R4

R5
R5
R5
R5
R5
R5

~ ~ ~ ~ ~ e ~ ~ e
FIT ~ 0 80 0«14 VALUE FROM CONSTRAINED, FIT

YS 0{1520) INTO (5 IGMAO GAMMA1/TOTAL I PERCENT) (P5)/TOTAL
5 2 ' 0 ~ 35 MAST 68 HBC SEE NOTE S
S RATIOS CALCULATED FROM R4EASSUMING SU(3) NEEDED TO CONSTRAIN
5 AL&. THE Yto(15201 BRANCHING RATIOS TO SE UNITY ~

e ~ e ~ e ~ ~ ~ ~

F 00 0 ~ 35 VALUE FROM CONSTRAINED FITF IT

R4 Yfo{1520) INTO (LAMBDA GAMMA1/TOTAL {PERCENT) (P4)/TOTAL
238 0~ 80 0 ~ 14 MAST 68 HBC 0 USING ELASTs, 45 1L/68

10/691

R3
R3
R3
R3
R3

Ytc(16701 INTO tKBAR N)1(SIGMA Pl)/TCTAL»12
PERHAPS SEEN BIRMING 66 HBC

(0 ~ 062) (Qe030l ARS&ENT 2 68 HBC
(0 075) ARMEN T 3 69 HBC
0 090 0 ~ 018 ARMESS7-4 69 HSC

IPL»P3)/TOTAL»12
0 K-P 3 ~ 5 GEV/C
0 OLD DATA
0
0 NEM DATA

L1/67

9/694
9/69»

ttt»t» 4144441»t f»fft4144 144411144 t»f444»tf ttttt»448 4141»44»1 »tt»444

R2 Y»0{1670) . INTO (KBAR Nl»(LA((BDA ETA) /TOTAL »42 (P l»P21/TOTAL»42
R2 M (0 ~ 039)OR 0«053 BERLEY 65 HSC 0 SEE NOTE M ABOVE 7/66
R2 le 066) ARMENT 3 69 HBC 0 9/694

R6
R6
R6
1&6

R7
R7
R7
R7

RS
1&8

RB
RB

FIT

Ys'0{1520) INTO (KBAR N)/TOTAL
~ 447 «018 . .GALTI

~ e e ~ ~ ~ ~ ~

0«4579 0 ' 0097 VALUE FROM

Y»O(1520). 1NTO tSIGMA Pl)/TOTAL
«418 ~ 017 GAL TI

e ~ ~ ~ ~ e ~ ~ ~
0 ~ 4078 0«0099 VALUE FROMF IT

INTO {SIGMA PI Pl )/TOT
~ 0015 GALT(

e ~ ~ e
0 ~ 0015 VALUE FROM

Y»0 & 152O )
010

e ~ e e ~
F IT' 0«0100

{PL)/TOTAL
ERI 69 HBC K-P .28-.45GEV/C 10/69»

CONSTRAINED FIT

69 HBG, {P2)/TOTAL
ERI 69 HBC. 0 K-P ~ 28- ~ 45GEV/C 10/694

CONSTRAINED FIT

AL (Pb)/TOTAL
ERI 69 HBC 0 K-P ~ 28- ~ 45GEV/C 10/694

CONSTRAINED FIT

SERLEY 65 PRL 15 641
SIRMING- 66 PR 152 LL48
ARMENT-1 68 NP 88 195
ARMENT-2 68 NP 88 223

REFERENCES Y»0(1670)

+CONNOLLI ~ HARTS RAUMO STONEHILLN + IBNL) IJP
( 8 I RM I NGHAMEG L ASGCW E I MPC OL ~ OX FORCE RUTHERF D )
J(RMENTEROSE BAILLON ~ + (CERN ~ HEIDEL ~ SACLAY) I JP
ARMENTEROS ~ BAILLONE + (CERN HEI DEL E SACLAY) I JP

ARMENT 3 69 LUND PAPER 229 ARMENTEROSr SAILLCNE + {CERN HEICELESACLAY) I JP
ARMENTEROS 3 VALUES ABE" QUOTEO IN LEV I SETT't 69 ~

AR)(ENT-4 69 NP(SUB)CERN 69-13 ARMENTEROS ~ BAILLCNE + \CERNEHEICELE SACLAY) IJP
LEVI SETT 69 LUND CONF R LEVI SETT I t RAPPORTEUR 1 (CHICAGO) s

4444tt 441»tttt» 4444»t»ft »4444»tst sfef4tttt »44444444 ftt»44444 tfft»»4
4»4»14 4ftttttff ttttt»444 444441»tt tftt»1414 441»f4114 tf»fftf»'4 4441411

'R9
R9

~ Y»0(1520) INTO (Y»l(1385)+Pl)/tLAM Pl PI) (PT)/(P3)
~ 35 ~ 09 ARMEN TER 69' HSC + K P, ~ 77 TD le 23 10/694

I
Sfs the illustrated key preceding the data card listings.



482 REVIEWS OZ MODERN PHYSICS JANUARY 19&0

BARYON RESONANCES
Data in parentheses have not been included in our averages.

~t
88 Yto{1680r JP=1/2+) &00 ~oi

h(188Q} SSS THE MINI REVUE AV IHS SIAAI GF IHS VF LISTINGS.

~ THERE ARf TMQ PARTI Al WAVE ANA&. YSES QF K- P TQ SIGMA

~ PI THAT SUGGEST SUCH 4 RESONANCE BUT FURTHER CON
F IRH4T ION 1$ REQUIREO0. POSSIBLY THIS RESONANCE CAN

f VENTVALLY Bf ASSOCIATED 'kITH THE Ytol1800) ~ 'MHICH 15 SUGGESTED BY
PARTI Al WAVE ANAlYSES OF THE KBAR N CHANNEL 4ND ALSO HAS JPssl/2+ ~

88 Yeo& 1680) stASS (HFV)

DAY IES

ARMENT-1
ARMEIIT 2
ARMENT-3
SARTLEY
BUGG
CQNFQRTQ
ARMENT-4
BERTANZA

REFERENCES Yto&1690)

67 PRL 18 62 +DOWELLt + ' '
(BRMNGHIt ~ CVNQSH ~ RTHFRD) I

REPLACED BY SUGG 68 '
68 NP 88 195 ARMENTEROS SAILLQN ~ + &CERN ~ HEICEL SACLAY) & JP
68 NP 88 216 ARMENTERQSr BAILLQN ~ + (CERNGHEIOEL ~ SACLAY) I
68 NP Bs 223 ARMENTEROS ~ RAILLQN ~ + (CERNSHEIOEL ~ SAClAY) I JP
68 PRL 21 1111 +CHUGDQMO ~ GREENE ~ + (TUFTS ~ FLQR STF BRANQE IS) I
68 PR 16S 1466 +GILMQRE ~ KNIGHT ~ + (RTHFRD ~ BRMNGHMr CVNQSH) I
68 NP 88 265 +HARMSENr LAS INSK lr + &CHICAGQr HE IDEL ) I JP
69 NP ( SUB)CERN 69-13ARMENTEROS ~ BAILLQN ~ + (CfRN HEIDEL ~ SACL4Y)I JP
69 PR 177 2036 +BIGIGCARRARA ~ CASALI ~ + &PISA ~ RNL ~ YALE) I JP

M ' 4
It A

M

( 167000) ARHENTERO 69 HBC 0 K P TO 5IGPI UEI 9/691
THIS STATE FOUND ONLY IN THE CNERGY INDIPENQENT ANALYSIS

(1/00 0) GALTIERI 69 HSC 0 K-P TD 5IGPI FED 9/69t
f feetfeet ffetteet 1 ettfteett tetttf etc tetttetItfttt tfeefteef tfefttttt etefffttt eteteetfe eeteeeett ttfttettt

(4000)
{8000I

88 Yf0& 1680) WIDTH (Mf V)

ARHENTERO 69 HBC 0
GALTIERI 69 HBC 0

SB Y10{1680) PART)AL DECAY MODES

9/691
9/69t

Pl ~

P2
Yto{1680) INTO KSAR N

Yto& 1680) INTO SIGMA PI

88 Yto(1680) BRANCHING RATIOS

DECAY MASSE 5
497+ 939

1189+ 139

RE Yeo& 1680) INTO (KSAR N) 1& SIGMA P I )/TQTAL112 (P le P3)/TQTAL112
Rl &0 ' 040) ARMENTERO 69 HBC 0 9/69t
Rl &0 ~ 014) GALTIERI 69 HBC 0 9/69e

'D)l
77 Ye 0( 1800 r JPGG& /2+ ) I GGO Oi

A, 1800
SEE TI E MINI REVUE AT THE START OF THC Yf L I ST ENGS ~

~ THE EVIDENCE FOR THIS STATE 15 WEAK AND CONFUSED f 7
HAS FIRST SUGGESTEQ IN 4 P4RTIAL MAVE ANALYSIS OF KBAR
N DATA SY THE BFHAVIOR OF THE Pol AMPLITUDE NHEN IT

WAS PARAMETER IZED AS A THO STRAIGHT-L INE BACKGRQUNOU WHEN IT WAS RE-
PARAMETERI LED AS 4 RESONANCE SUPER IISPQSED ON 4 ONE-STR41GHT LINE SACK
GFPQUNDG 4 BROAD RESCNANCE Rf SULTED {ARMENTER0$68) ~ 4 REANALYSIS QF
ESSENTIALLY THE SANE QATAS SUT THIS TIME WITH THE Pol AMPLITUDE UNCQN
STRAINED ~ SUGGESTEO 4 MUCH NARRQ'MER RESONANCE AT HIGHER ENERGY (ARMEN-
TFROS 69) ~ IT IS QUITE POSSIBLE THAT NEITHER RESONANCE EXIST50

77 Yto(1800) MASS &MEV)

R2 Yto(1680) INTO {KBAR N) /TOTAL (Pl) /TCTAL
R2' L ES 5 THAN ~ 1 ARMENTE1 69 HBC K-P +CH EXC El 10/691

& 1745F 0)
ABOUT 1800~ 0

ARMENTERQ 68 HBC 0 ELASTICr CH EXCH 11/68
ARHENTERQ 69 HBC 0 ELASSCH EXC ~ EUI 9/691

Htt ~ tet 111111ttt tttttt aft etttttttf tfttfttf1 ftetft tet tttf tettt ttttttf 77 Yfo(1800) WIDTH IMCV)

REFERENCES Yeo&1680) &14700)
ABOUT 20 ' 0

ARHENTERQ 68 HBC 0
ARMENTERQ 69 HBC 0 K P ~ 44 I 23 9/691

ARHENTEE 69 LUND PAPER Z25 ARHENTERQS ~ BAILLON ~ + (CERN+HEIO+SACL)IJP
AIH(f NTER 69 LUND PAPER 224 ARMENTERQS ~ BA I LLON ~ + & CERN ~ HE I DELS SACLAY ) IJP
GALTEERI 69 LUND PAPER 90 A BARSARQ GAL TIER& ILRL) I JP

ARHENTEROS 69 ANQ GALT IERI 69 VALVES ARE QVOTEO IN lf VI SETT I 69.
LEVI SETT 69 LUND CONF It LEVI SETTE (RAPPORTEUR) {C H I CAGQ )

77 Yfo{1800) PARTIAL DECAY MODES

Pl Yeo(1800) INTO KBAR N

DECAY MASSES
497+ 939

1111ffetf etftetett etteff tee tftftteft 111111111ttfttettt fftffte
1111tf tete tfffe tetettett etefe1111 ftftttttt tttteeeee ettettfee tftetee

Flel
55 Yeo& 1690r JP=3/2 ) 1~0 003

Jl(1890} SSS 'IFS HIHI FS'VUS III THE START GF IIIS I LISIIHGS

Rl
Rl
Rl

77 Yto& lsool BRANCHING RATIOS

Yeo(1800) INTO (KBAR N)/TOTAL ( P 1)/TOTAL
(0~ 41 ARMENTERO 68 HBC

ABOUT 002 ARG& EN TER 0 69 HBC

tttetetee et tetttf1 effete ef 1 1'etttttft ftfttttff tttf 111

11/68
9/691

M 5
M

M

5
H 5
M M

M

M

M

THIS RESONANCE IS WELL ESTABLISHED

55 Yeo(1690) MASS {MEV)

{1695 0) (4 0) SUGG 68 CNTR 0 K-PE 0 TOTAL
& 1696 ' 0 ) '& 3 ' 0) ARS&ENT-I 68 HBC 0 ELASTIC ~ CH EXCH
&1(81.O) (Z. O) ARMENT-3 68 HBC 0 K-P TO SIGMA Pf
(1681.) & 8 BARTLEY 68 OBC 0 K-P AND K-0 DATA

QUOTED ERROR ONLY STATISTfCAL -VALUES NOT AVERAGED-
(1697~ 0) &2 ' 0) C CNFORTO 68 HSC 0 EL A ST EC r CH E XCH

THE Yf0& 1690) IS AT THE EDGE OF THE ENERGY REGION ANALYZED BY
CONFQRTO ~ THE SAME DATA AS WEL{. AS OTHERS EXTENDING TQ LOWER
ENERGIES ARE INC&. VOEO IN ARMENTERQS I

7/68
11/68
11/68
11/68

11/68

REFERENCES - Yeo&lSDD)

ARMENTER 68 HP BB 195 AR MENTEROS ~ BAE LLQNr + & CERN ~ HE ICEL r SACLAY ) IJP
ARMENTER 69 LUND PAPER 225 ARMENTERQSr BAILLQNG + &CERNSHEIOflrSACLAY) I JP

ARMENTERQS 69 15 QUOTED IN LEVI SETTI 69~
LEVI SETT 69 LUND CONF R 'LEVI SETT E (RAPPORTEUR) (CHICAGO)

eeeeee eteeeeete ~ eeefttee tteettfet etefet ttf tetftf tee eeet tete 1 ettetee
~teete teeeeeeee tteetteet ttteefttf fetetfft4 ttttfttft tttfttftt ftfttte

39 Yeo& 1815~ JP=5/2+) I =O Fy g
A(1816} SIS THE IIIHI-ASVUS AI IHS START UF THE I~ LISTINGS.

5 (1701~ 0) &4 0) BERTANZA eq HBC 0 ELASTIC, CH ExCH
A & 1691~ 0) &2 0) ARMENT-4 69 HBC 0 ELAN CH EXCEED
A ( 16SS~ 0) & 2 ~ 0) ARMENT-4 69 HBC 0 K-P TQ 5 IG P I ~ EO
4 ANALYSIS INCLUDES OLD AND NEW DATA OF CHS COLLAS 43- 8 GEV/C

THf APPARENT DISCREPANCY BETWEEN THE 5&GrsA Pl AND OTHER RESULTS IS
N PROBABLY NQT SERIOUS ~ THE ERRORS GIVEN ARE JUST STATIST&CALF THE
N 5YSTEMAT &C ERRORS THAT RESULT FROM THE RESTRICTIVE PARAMETE-rsro+0
N OF THE P4RTIAL WAVE AMPLITUDES ARE NQT INCLUDED ~ AND CAh SE LARGE ~

55 Y10( 1690) WIDTH (MEV)

9/6 91
9/691
9/e91

10/691

THIS RESONANCE IS 45 WELL ESTABLISHED AS ANY Ytr AL
THOUGH SOME QP THE LESSER BRANCHING RbTIQS NEED TQ SE
BETTER DETERMINED HE OMIT 4 FEW EARLY RESULTS &SEE

AN EARL IE 8 EDIT ION FOR THE M) ~ THOUGH THE REFERENCES ARE RETA INEO ~ THE
QUOTEQ ERRORS ARE JUST STATISTICALG AND OCNT INCLUDE SYSTEHATIC EF
FECTS ~ HOWEVER IN THIS CASE THE LATTER SHOULD SE SHALt, ~ ANO THE VAR
IOUS DETERMINATIONS CF MASS, HIOTH AND ELASTICITY ARE IN GOOD AGREE-
MENT ~ 4 REASONABLE GUESS OF THESE PARA PETERS ANO THEIR ERRORS 15
&Bfe+-3 MEV 72r" 5 MEVS AND 0 65+-0 ~ 05~

39 Yeo& 1815) MASS (rtEV)
'W

W

W 5
W 5
W M

W A

N A

H 5

&35' 0)
(85' 0)
(4000)
&4801
{2700)
{31 0)
& 72 ~ 0)
(28 ' 0)

SEE

&7 ' 0)
(7 0)
(7 0)

{15~ )
(5 0)
&7 0)
&6 ~ 0)
(8~ 0)

THE NOTES ACC

ARMENT-1
ARMENT-3
BUGG
BART{.EY
C QNFO RTO
ARMENT-4
ARMENT-4
SERTANZA

QMPANYING THE

68 HSC 0 OL 0 DATA
68 HBC 0 OLD DATA
68 CNTR 0
68 OSC 0 K-P ANO K-0 DATA
68 HSC 0 SEE NOTE M ABOVE
69 HBC 0 ELASGCH EXC ~ ED
69 HSC 0 K-P TO SIG PI EO
69 HSC 0

MASSES QUDTED

11/68
11/68
7/6 8

11/68
11/68
9/691
9/691
9/691

H

M

M N

H

M N

M N

M

AVG

1813 0
1816' 0
&SIT.O

1819.0
1816.0

THESE TWQ

~ ~ ~ ~

1815 6

2 0
4 ' 0
2 0
4 ~ 0
2 ~ 0

ANALYZE

ARMENT-1 67 HBC 0 K-P TQ SEGS&4 PI
SELL 67 HORC 0 K-N TQ SIGMA Pl
ARMENT 3 68 HSC 0 ELASTIC ~ CH EXCH
SVGG 68 CNTR 0 K-P r 0 TOTAL
CQNFQRTQ 68 HBC 0 ELASTIC ~ CH EXCH

FSSENTIALLY THE SAME DATA IN DIFFERENT 'HAYS ~

AVERAGE (ERROR INCLUDES SCblf FACTOR OF 100)

8/6 7
11/6 7
11/68
6/6 8

11/6 8

55 Yto(1690) PARTIAL DECAY MODES 39 Yto&1815) WIDTH (HEV)

PE
P2
P3
P4

Yto& 1690) INTO KBAR N
Yfo(1690) ENTO SIGM4 PI
Yto{1690) INTO LAMBDA PI PI
Yfol1690) ENTO SIGMA P. I Pl

55 Yeo{ 1690) BRANCHING RATIOS

DECAY HASSES
497+ 939

1189+ 139
1115+ 139+ 139
1189+ 139+ 139

N

W

W N

W

W N

W

W AVG

87 ' 0
64 ' 0
7100
75 ' 0
72 ' 0

0 ~ ~ ~ ~

72 ~ 1
SEE

1500
1200
4 ~ 0
7.0
7 ~ 0

~ ~ ~ ~
3~ 0

THE NOTES

ARMENT I 67 HSC 0 8/67
SELL 67 HQSC 0 11/67
4RMENT 3 68 HBC 0 SEE NOTE N ABOVE 11/68
SUGG 68 CNTR 0 6/6 8

.CONFQRTO 68 HBC 0 SEE NOTE N ABOVE 11/68

AVERAGE &ERROR INCLUDES SCALE FACTOR QF I 0)
ACCOMPANYING THE MASSES QUOTED

THE SUH QF ALL THE QUQTEO BRANCHING RATIOS IS MORE THAN 100' THE
TNO BODY RAT 105 ARE FROM PARTIAL HAVE ANALYSESG AND THUS PROBABLY ARE
MCRE RELIABLE THAN THE THREE-BODY RATEOSG WHICH ARE DETERMINED FROM
BUMPS EN CROSS SECTIONS ~ OF THE LATTER G THE SIGMA PI PI BUMP LOOKS
MORE SIGNI F ICANT (THE ERROR GIVCN FOR THE LAMBDA PI P I RATIO LOOKS UN-
REASONABLY SHALL) ~ IIARDLY ANY QF THE SIGMA P I PI DECAY CAN SE VIA
Ye&&1385) r FOR THEN NINE TIMES AS MUCH LAMBDA PI PI DEC4Y NOUlo SC
R EQUIRED ~

Pl
PZ
P3
P4
P5

39 Yto( 1815) PARTfAL DECAY MODES

Yeo& IS15) INTO KBAR N.
Y10& 1815) INTO SIGMA Pl
Yeo( 1815) INTO Ytl (1385) P I
Yto(1815) INTO LAMBDA Pl PI
Yto{ 1815) INTO SIGMA PI PI

OCCAY MASSES
497+- 939

1189+ 139
1385+ 139
1115+ 139+ 139
1192+ 139+ 139Rl Yf0( 1690) ENTO

RE (0' 23)
{&1 l0018)
Rl M (0022)
RE 0 28
Rl 00 18
Rl ~ 0 ~ 0 ~ ~
It 1 AVG 00200

&Pl)/TOTAL
BUGG ~ 68 CNTR 0 A 5SVMING JGG3/2
ARMENT 1 68 HBC 0
CQNFORTO 68 HBC 0 SEE NOTE M ABOVE
BERTANZA 69 HBC 0
ARMENT-4 69 HBC 0 NEH DATA

(KSAR Nl/TOTAL

(0403)
( 0003)

0 ' 04
0 ' 02
~ 0 0
00040 AVERAGE &ERRQR INCLUDES SCALE FACTOR OF 202)

7/6 8
11/68
1 lies
9/691
9/691

R2
Rt
R2

Yf0& 1690) INTO {KBAR N)1(SIGMA Pl)/TQTAL112 & P le P2 ) /TOT Alt 12
(0 ~ 109) (0 013) ARMEI{T 3 68 HBC 0 OLD DATA
0 130 0~ 014 ARMENT-4 69 HSC 0 NEH DATA

11/68
9/691

R4
R4

Yfo&1690) INTO (KBAR N)1(LAMBDA PI Pf )/TOTAL 112 (PleP3)/TOT4lftt'
(0006). (0001) SARTLEY 68 HOBC 0 K-N TQ LAI{ Pf PI 11/68

Yfo&1690) INTO (KBAR N)1(SEGHA PI 'Pl )/TOTAL112 (PltP4)/TQTAL112
{00045) ARMENT 2 68 HDSC 0 K-N TO 5IG Pl PI 11/68

111111tff fffttfftf ftt111111 ttttftfff fffffffff tffttfftf tffttff

Rl
Rl N

Rl
Rl N

Rl
Rl AVG
Rl F IT

Rt Yeo& 1S15) INTO (KBAR N) 1& SIGMA PI)/TOTAL112 (P11P2)/TOTALf'12
Rt 0 ~ 0729 00 0054 ARMENT 1 67 HBC 0
Rt 0.054 0 ~ 012 SfLL 67 HDBC 0
R2 ~ ~ ~ ~ ~ ~ 0 0 ~

Rt AVG 0 ~ 0697 00007E AVERAGE & ERROR INCLUDES SCALE FACTOR OF L04)
R2 F IT 0 ' oe97 0 0054 VALUE FROM CONSTRAINED FET'

8/67
11/67

39 Yto(1815) BRANCHING RATIOS

Y10(1815) INTO IKSAR Nl/TOTAL {P 1 I /TOTAL
0 ~ 62 0 02 ARMENT 3 68 HBC 0 SEE NOTE N ABOVE 11/68

&0 ' 72) SUGG 68 CNTR 0 ~ 6/68
0065 '0 ~ 01 CONFORTO 68 HBC 0 SEE NOTE N ABOVE 11/6S

0 0 ~ 0 0 ~ 0
00644 00012 AVERAGE (fRRQR INCLUDES SCALE FACTOR QF 1 ~ 3)
0 ' 6437 000089 VALUE FROM CONSTRAINED FIT

See the illustrated kev». seer'in7 the date 1"srd -'sti;&qs.
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BARYON RESONANCES

Data in parentheses have not been included in our averages.

R'3 Y«0( 1815) INTO (KBAR N) 4 I Y41t L385) PI)/TOTAL«42 (P 1«P3)/TOTAL«42
R3 0 ' 09 0 ' 03 ARMEMT 2 67 HBC 0 K-P TO LAM Pl PI 9/694
)r 3 o ~ \ \ ~ ~ ~ ~ o

R3 FIT 0 108 0 ~ 022 VALUE FROM COhSTRAINED FIT

R4 Y40( 1815) INTO (Y«1 I 1385 ) P I ) /TOTAL (P3)/TOTAL
R4 0 ' 20 0 F 05 BIRGE 65 HBC 0 K-P TD LAM PI P! 7/66
'R4 ~ o «o « ~ « ~

R4 FIT 0 ~ 168 0 ~ 034 VALUE FROM CONSTRAINED FIT

R'5 Y«0(1815) INTO (SIGMA PI Pl)/TOTAL (P5)/TOTAL
R5 P NO CLEAR SIGNAL ARMENT-4 68 HDBC 0 K-N TO SIG PI Pl 11/68
R5 P THERE IS 4 SUGGESTION OF 4 RUMP ENOUGH TO BE CONSISTENT WITH
R5 WHAT IS EXPECTED FROM SIGMA PI DECAY OF THE Y«), ( 1385) ABOUT 0«02 '
FitlL. El I'actini DI:c.t~ Mode Blanc)ting Fractions

(3iadIALta1 "lctIEcnls are P.+6P.; 6P. = NF ( 6P.&P.) . Off-el(agonal clemente arc correla-I 1' 1 1 1
lion s:ocffictcnte E (6P.6P, ) A/(6P 6P.).1 j 1 j'

P 1 P 2 P 3 P 4

60 Y«0( 1860 ~ JPEE 4) IAED

UL(1880) SEE THE IIIHI-REvUE. AT. THE START OF THE VI' LISTINGS.

+THE STATUS OF THIS RESONANCE - OR THESE RESONANCES-
~IS CONFUSED ~ AN F07 RESONANCE WAS FIRST SUGGESTED IN

THE PHASE-SHIFT ANALYS15 DF KBAR N 04TA BY ARMENTCROS
67 ~ tN ADDI T IONG THE ISQSPIN-0 TOTAL CROSS SECTION HAS A SHOULDER ON

TVE HIGH SIDE OF THE Y40( 1815) THAT I S COIEPATIRLE NITH SUCH A STATE
(BUGG 68) ~ THE ARMENTEROS 68 AND CONFORTO 68 ANALYSES OF tMPROVEO
KBAR N DATA INCLUDED TVE F07 STATE ~ HOWEVER IN THE CONFORTO 69 ANALY»

5 IS OF ESSENTIALLY THE SAME DATAE THE F07 RESONANCE IS OMITTED ANO A

NEW P03 RESONANCE IS SUGGESTED ~ THE QUANTITY I J+1/2) X FQR CITHER RE
SONANCE ALONE ' I S ABOUT EQUAL TO THE VALVE GIVEN BY THE TOTAL-CROSS
SECTION EXPER IMENT ~ WE TENT4TIVEt Y GROUP THE TWO EFFECTS TOGETHER«

IF THERE IS INDEED 4 SPIN 7/2 Y« AT THIS MASSy IT LIES ABOVE 4NV
PREVIOUSLY KNOWN Y4 TPAJECTORY

60 Y40(18&0) MASS (MEV)
P I «644+- ~ 009
P 2 -«190 «108+ «008
P 3 ~ 0 s3 ~ 00$ ~ L&8y ~ 034
P 4 ~ 169 ~ 183 «953 ~ 080+ ~ 035

i ii«i4 4i«44«i«4 i«4«ii444 444444444 4444i«444 «i«i44i44 4«i«44«i4 4444444

REFERENCES Y«0( 1815)

A
M 4
M N

M N

M N

M N

M C
M C

(1870 0) (5 0) BUGG 68 CN TR 0 K-P TOT AL 7/68
OUE TO THE PARTICULAR PARAMETERIZATION USED ~ ERROR CAN SE LARGE

F07 1864«0 2 ~ 0 ARMENTERO 68 HSC 0 ELASTIC ~ CH EXCH 11/68
F07 1865 0 2 0 CQNFDRTQ 68 HBC 0 ELASTICy CH EXCH 11/68

THESE ANALYZE ESSENTIALLY TLIE SAME DATA IN DIFFERENT NAYS« THE
PARTIAL WAVE THOUGHT TQ BE RESONATING IN EACH CASE IS INDICATED ~
P03 1873~ 0 10~ 0 CONFORTD 69 Hr)C 0 ELAST ICy CH EXCH 9/694

CONFORTQ 69 tS 4 NEW FIT USING IMPROVED KBAR N DATA

6'0 Y«0(L860) WIDTH (yAEV)

BIRGE
ARMENT 1
ARMENT-2
rtELL
ARME N T-3
ARMENT-4
BUGG
CQNFORTO

65. .ATHENS CONF 296
67 PL 248 L98
67 ZEIT PHYS 202 sr86
67 PRL 19 936
68 NP 88 195
68 NP 88 216
68 PR 168 1466
68 NP 88 265

PAPCRS NOT RFFERRED TO IN DATA CARDS

+ELYOKALMUSOKERNANO LOU I ETSAHOURIAF + (LR(.) I JP
AR MENT EROSy F LUZ 7 I ~ + l CERN SHE IDEE y SACLAY) I JP
ARMENTEROS ~ F LUZZI ~ + (CERN ~ HEIDELESACLAY) I JP
P 8 BELL (LRL ) I JP
ARMENTEPOSE BAILLON ~ + (CERN ~ HEIDEL ~ SACLAY) I JP
ARMENTEtrOS ~ BAILLOl'ly + (CERNSHEIDEL ~ SACLAY) I
+GILMftRE ~ KNIGHT + (RHEL+BIRM+CAVE) I
+HARMSENy LASINSKI ~ + tCHICAGOSHE IDEL) I JP

(40 ' 0)
W N F07 39«0
W N F07 49 ' 0
W C P03 70 0

(10~ 0)
7 ~ 0
9 ' 0

20. 0

P1
P2

60 Y«0( 1860) PARTIAL DEC4Y MODES

Y«0(1860) INTO KBAR N

Y«0t 1860) INTO SIGAtA P I

DECAY MASSES
497+ 939

1189+ -139

SUGG 68 CNTR 0 7/68
AR&ENTERO 68 HBC 0 SEE NOTE N ABOVE ll/68
CONFORTQ 68 HBC 0 SEE NOTE N ABOVE 11/68
CONFORTO 69 HBC 0 SEE NOTE N ABOVE 9/&94

CVAMBERL
GALT IER I
SOD I CK SO
HOLLEY
81RMINGH
GELFAND
ARMEylTER
LAS INSK I

62 (R 125 1&96
63 Pl. 6 296
&4 PR 133 8757
65 UCRL-16274 THESIS
66 PR 152 1148
6& PRl L7 1224
67 NP 83 592
68 PR L63 L792

CHAyEBEFLAINECROWEEKEEFEEKERTHE + tLRL) I
A BARSARO GALTIERI ~ A HUSSAINERO TRIPP ((.RL) I J
SODICK SON ~ MANNELL I ~ FRI SCHE WAHLIG ( A(IT( BNL) ) J
h R HOLLEY (LRL) J
BIRMINGHAME GLASGOWy I ~ C ~ ~ OXFORD ~ IlUTHERFORO
«HARMSENOLEV I-SETT IFPREDAZZ I+ I EF INSFARGON)
ARMENTEROS ~ FERRO-LUZZI+ (CERN ~ HE I Dy SAC(. AY) I J
LASINSKIy LEVI SETTI ~ PREDAZZI tCHICAGO) J

60 Y«0( IS&0) BRANCHING RATIOS

tt 1 Y«0(1860) INTO (KA)AR Nl/TOTAL (P 1) /TOTAL
RL ( J+1/2)X SS 0H40 BUGG 68 CNTR 0 7/68
RL N, F07 0«12 0 ~ 02 ARMENTERO 68 HBC 0 SEE NOTE N ABOVE ll/68
Rl N F07 0 10 0 04 CONFORTO 68 HSC 0 SEE NOTE. N ABOVE 11/68
PL C P03 0 ~ 21 0 ~ 03 CDNFORTO 69 HBC 0 SEE NOTE C ABOVE 9/694

56 Y«0( 1830~ JP='5/2- ) 1=0 Dos
/L(183D) SEE 'IHE IIIHI REVUE AT THE STAIIT OF THE VR LISTIHOS.

THE BEST EVIDENCE FOR THIS RESONANCE COMES FROM THE
SIGMA Pl CHANNEL ~ IT APPEARS TO BE WE Lt. ESTABL I SHED ~

56 Y«0(1830) MASS (MEV)

4
4

M

M N

M C
C

M

M A

(1827 0) (3 0) ARE(ENTERO 67 HBC 0 K-P TC SIGMA PI
(1837~ 0) (11~ 0) BELL 67 HBC 0 K-P TO SIGMA PI
t1807.0) ( 10.0) ARMENTERO 68 HBC 0 ELAST ICy CH EXCH
l 1840 0) I 5 0) CONFORTO 68 HBC 0 ELASTICE CV EXCH

THESE ANALYZE ESSENTIALLY THE SAME DATA IN DIFFERENT WAYS«
(1S41~ 0) CONFQRTO 69 HBC 0 ELASTIC ~ CH EXCH

CDNFDRTO 69 IS 4 NEW FITEUSING l)APROVEQ KSAR N DATA
NOT AVERAGEOOAS FOR CARDS WITH NOTE N ~ BECAUSE SYSTEMATIC ERRORSE
OUE TO THE PARTICULAR PARAMETER IZATION USED CAN BE LARGE

4'4' ~444444 444444444 444444444 «4'444'4444 4444444'44 44'44444'44 4444444
444444 444444444 444444444 444444444 444444444 444444444 444444444 4444444

8/6 7
11/6 7
11/6 8
1L/68

9/6 9i'

R2
R2
RZ
RZ
R2

ARNENTFR

ARMENTEtr
BUGG
CONFORTO
GALT IER I
CDNFORTO

LEVISETT

67 NP 83 59Z Art MENTE rtOS y F-LUZ ZI ~ .+ (CERN ~ HEI CELE SACLAY ) IJP
ARMENTEROS 67 IS REPLACED BY ARMENTEROS 68 AND CONFORTO 68

68 NP 88 195 ARMENTERQS ~ BAILLONs + (CERNEHEIOEL ~ SACLAY) I JP
68 PR 168 1466 +6 I(MORE s KNIGHT~ + (RTHFRDF BR)ANGH)sy CVNOSH)
&8 NP 88 265 +HARMSEN ~ LAS INSKI ~ + (CHICAGOSHEIQEL) I JP
68 PRL 2 I 573 ttARSARQ-GALTI ER Is MAT ISONy + (LRL ~ SLAC)
69 LUND CONF PAPER +HARMSENE LASINSKI ~ + (CHICAGOE HE IOEL) IJP

CONFORTO 69 VALUES ARE QUOTED IN LEVI SETTI 69
69 LUND C CNF R LEVI SETT I I RAPPORTEUR) (CHICAGO)

4«is is 44i«i«i44 444444414 4444444«i 4i 44ii 444 ii«4«i«44 si 4i 4«i«4 4444444
444444 444444444 444i «4444 44«i 44444 444444444 444444444 444444444

Y«0(1860) INTO SIGMA Pl ( P2)
P PROBABLY SEEN GALTIERI 68 DBC 0 K-N TO SIG PI Pl 11/68
P POSSIBLY THIS BUMP SEEN AT L840t 10 MEV WITH A WIDTH OF 35+-10 MEV

IS THE Y«0(1830) ~ WHICH DECAYS STRONGLY TO SIGMA Pl HOWEVER THE
NARROW WIDTH HERE ARGUES FOR ITS BEING THE Y«0(186Q) ~

444444444 444444444 444«44444 «44444444

PEFEPENCES —. Y«0( 1860)

W 4
W A
W N
'W N
W C

(75 ~ 0)
l 74 ~ 0)

(123' 0)
(66 ' 0)

( 145~ 0)
SEE

56 Y«%1830) WIDTH (MEV)

(9~ 0) ARMENTERO 67 HPC 0
(LED) BELL 67 HBC 0
(32 ' 0) ARMENTERD 68 HBC 0 SEE NOTE N ABOVE
(25 ' 0) CQNFORTC. 68 HBC 0 SEE NOTE N ABOVE

CONFORTO 69 HBC 0 SEE NOTE N ABOVE
THE-NOTES ACCOMPANYING THE MASSES QUOTED

56 Y«0(1830) PARTIAL DECAY MODES

8/67
8/6 7

11/68
11/68
9/6 94

4(2D15) 27 Y«0(2015E JP=7/2+ ) I 0 FO'7
A PARTIAL WAVE ANALYSIS QF THE SIGMA Pl CHANNEL REQUI
RES THE PRESENCE OF T'WO STATES OF SAME J ANO OPPOSITE P

SEE THE MINI-REVIEW AT START OF Y« LISTING

27 Y«0( 2015 ) MASS tMEV )

P1
P2

Y«0( 1830 ) INTO KSAR N
Yio(1830) INTO SIGMA PI

DECAY MASSES
497+ 939

L1 89+ 139

M (20L5 ~ ) G4LTIERI 69 HBC

27 Y«0 ( 2015) W I 0TH I ME V )

SIG Pl PAR«WAV«4 10/694

Rl
RL N

RL N

RL A

RL
RL AVG

56 Y«0(L830) BRANCHING RATIOS

Ys'0( 1830) INTO I
0 ' 09
0 ~ 10

(0 F 08)
~ ~ « o o
0 ' 0950

KBAR N)/TOTAL
0 F 01 ARMENTERO 68 HRC
0«DL CONFORTO . 68 HBC

CONFORTD 69 HBC

(PL)/TOTAL
0 SEE NOTE N ABOVE 11/68
0 SEE NOTE N ABOVE 11/68
0 SEE NOTE N ABOVE 9/694

o o o
0 ~ 0071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l«0)

PL
P2

(150 ) GALTIERI 69 HSC

27 Y«0(2015) PARTIAL DECAY RATES

Y«0(2015) INTO KRAR N

Y«0( 2015) INTO SIGA(A PI

27 Y«0 I 20L5 ) BRANCHING R AT ICS

5IG Pl PAR«WAV ~ 4 LO/694

DECAY MASSES
497+ 939

LL97+ 139

R2 Y40(1830) INTO (KBAR N) 4(S IGA(4 Pl)/TOTAL«42
RZ 0«0225 0 0060 ARMEN'TERQ 67 HBC
R2 0 ' 0374 0 F 00'33 BELL 67 HBC
R2 ~ ~ ~ o ~ ~ o ~ ~
R2 AVG 0 0339 0 0063 AVERAGE IERROR INCLUDES

I P l«P 2) /TOTAL«42
0 8/6 7
0 11/67

SCALE FACTOR DF 2 ~ 2)

44«i 44 «4«ii«ii« i««i««ii« 444«i««i« «i4«i«i«4 i«44444«i «i«44«444 «i«4444

RL
RL

Y«0(2015) INTO (SIG Pl)4(KBAR N)/TOTAL«42 (P2«P1)/TOTAL«42(.0256) GALTIERI 69 HBC SIGPI PAR«WAVE 4 10/69»

444444444 444444444 '444444444 444444444 444444444 4444'44444

REFERENCES Y«0(2015)

REFERENCES - Y«0(LS30) GALTIER I 69 LUND PAPER 90 4 SARBARO GALTIERI (LRL) IJP

ARMENTER 67 rsL Z48 198 ARMENTEROSs F LUZZI ~ + (CERNEHEIDEL ~ SACLAY) IJP
BELL 67 PRL 19 936 R 8 BELL (LRL)IJP
ARMENTER 68 NP 88 195 ARMENTE ROSS 8 AIL(.ONE + (CERN ~ HE IDEL ~ S4CL4Y ) I JP
CONFORTO 68 NP BS 265 +HARMSENy LASINSKI s + (CHICAGOE HEIDEL) IJP
CONFORTO 69 LUND CONF PAPER + HArtMSENE LASINSKI + (CHICAGQ ~ HEIDEL)IJP

CONFQRTO 69 NUMBERS ARE QUOTED IN LEVI SETTI 69 '
L.EVISETT 69 LUND CONF R LEVI SETTI (ltAPPORTEUR) (CHICAGO)

444444444 444444444 444444444 444444444 444444444 4444444
.444444 444444444 444444444 444444444 4444«4444 «44444444 444444444 4444444

4444«i 444444444 444444444 4«i«44«i4 44444«444 i4i«4«ii« 44i«i«444 44444444
444«i 4 «iii««i«i «iii«44«i «i4444444 «ii«ii «44 4444«ii«i 44iiii«ii «i«i«444

gee the illustrated key Preceding the data card listings.



184 REVIEWS OR MODERN PBYSXCS ' JANUARY 1970

BAR.YON RESO NANCE S
Data in paren th eses ha ve not been included in oftr averages.

Y00 t 2100 r JPe 7/2- } I ~0 GO
(ISI&t}O) MOHL RE ~ MO ORUII RE FINO JF 2/2-.

SEE THE HINI-REVIEW AT START OF Yt L {STING

4 1 Y00 ( 2 100 ) MA S S ( HEV I

42 Y00( 2350 ~ JP= ) Io0

(P350) SEE tHE HIIII-IIETIEII RT STRRT OF T LISTING

GAUM 68 FAVORS JP=1/2 OR 9/2+o

42 Y00(2350) MASS (MEV I

M ( 2120M 0) WOHL 66 HBC K-P CH EX 7/66
B 2080 10~ BURGUN 68 HBC OK-O' TO XI-K ( 8 ) I 0/694

}( I 2120 ) GALT I ER I 69 HBC 0 PARTM 'WAVE 5 I G-P I 1 0/690 M

M AVG

2352 ~ 0
2 340 ~ 0
~ ~ ~ ~

2343 ~ 5

1 1 ~ 0 KYC I A 67 C N TR K-P ~ 0 TATA(. Blb 7
1 0 BUGG 68 CNTR K-P 0 TOTAt. 6/68

~ ~ ~ ~ ~

5~ 9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I 0)
8 A RESCNANCE-LIKE EFFECT IS SEEN IN THIS REGION IN THE REACTION

K-P TO XI K BUT 4 PERHAPS MORE LIKELY EXPLANATION OF THE DATA IS
IN TER HS OF A SO FAR OTHER W I SE UNOBSERVED RESONANCE HAVING SP IN
LESS THAN 7/2e TI E 5 ITUAT I ON REMAINS TO RE CLAR IFIED ~

41 Y00( 2100 I WID™l & V)

W 2 10.0
140OO

W ~ ~ ~ ~

W AVG 149 ~ 7

42 Y10f2350) WIDTH ( &EV)

50 ~ 0
20 ~ 0

KYCIA
9UG G

67 CNTR
68 CNTR

24 ~ I AVERAr E (ERROR INCLUDES SCALE FACTOR OF 1 3)

8/67
6/68

W I 145ROI
W 8 80 ~

W 140 )
1 0 ~

WOHL 66 HBC
BURGUN 68 HBC
GAL T I ER I 69 HBC

4 I Y00( 2100} PART I AL DECAY MODES

7/66
OK-P TO X I-K t 8) 1 0/694

0 PART WA VE S I G-P I 10/694

PI

42 Y00l2350 I PARTIAL DECAY MODES

Yto(2350) INTO KBAR N

DECAY MASSES
497+ 939

Pl
P2
P3
P4
P5
Pe

Y00( 2 100}
Y10(2 1 00)
Y40l 2100)
Y'40(2100)
Yf 0( 2 1 00)
Yto( 2'1 00 )

INTO KBAR N

INTO SIGMA Pr
INTO lAMBDA ETA
INTO XI K

fNTO lAMBOA OMEGA

INTO K BAR N P I

4 1 Y40( 2100} BRANCHING RATIOS

DECAY MASSES
497+ 939

I 197+ 139
1 1 15+ 548
1321+ 497
1 I 15+ 783
497+ 939+ 1 39

42 Y40I2350) BRANCHING RAT IOS

R 1 Y00{2350) INTO (KBAR NI/TOTAL (PI )/TOTAL'
J I S NOT KNOWN ~ FDLLO'WING I 5 ( J+ 1/2) 0 (KBAR N) I TOTAL

Rl 0O68 0 ~ 10 KYC IA 67 CNTR
Rl (0 57) Burr 68 cN TR

04 04 44ttf 440 4f444f 404444404 ttteft ttt 0 44440 004 tf ftftt0 0 00400044

REFERENCES 100(2350 I

8/6 7
6/68

R1
R 1

Y00(2 100) INTO (KBAR N) /TOTAL
(0.25) WOHL 66 HBC

Y00(2100) INTO (S IG PI If tKBAR N) /TOTAL 442
{~ 0016) GALTIERI 69 HBC

It 3 Y00l 2 100) INTO ( L AMBDA ETA I 4 (K BAR N )ITOT AL402
R3 (0 0081) QR LESS F lATTE 2 6 7 HBC

f P 1 I /TOTAL
7/66

( P24P I I/TOTAL 00 2
S IG Pl PAR ~ WAV ~ A 10/690

(P3) 4 (Pl)/TOTAL402
K-P TO t. AM ET A 6/68

COOL bb PRL 16 12ZB +G t ACOMELL I K YC I A ~ LEONT IC ~ L I r LUNt)BY ~ + ( BNL ) I
SL IGHTLY REVISEO RESULTS FROM KYCIA 67 REPLACE fOOL 66

KYCI A 67 'PRIVATE COMM ~ T F KYCIA (BNL) I
BUGG 68 PR 168 1466 +Gl I.HOSE KNIGHT + ( RTHFD RRMGHM CVNOSH ) I
DAUM 68 NP 87 19 +ERNE ~ LAGNAUXr SENS ~ STEUER r UDO t CERN I JP

tf 4 ~ 0 44 4444 ~ 00 f0 tttf 44 0 4444 4 4 tet tf 4004 444 ~ 0'00 44 ~ 44 tf ttf ttf f 4 04 4 et ~ 0

R4 Y00(2 100) INTO t XI K ) 4( KBAR N )/TQTAL442
R4 (0 ~ 0029) TRI PP
fr 4 8 ~ 0011 0002 BURGUN

67 RVUE
68 HBC

(P4)4(PI) /TOTAL442
8/67

K-P TO XI K 11/68

ENO PRODUCT ION OR TCTAL CRCSS SECTION DATA

~ f4f 44t te444f ft4 0t fef4ttf 41t tt 0ttf 44 0144 ttf f0ttf 4 4tt 4440 tet f4 44tetttf
'11 *0ff 04 ~ 410000tef 40044 f 44 f tf 4444440 t0ttf 4 4 ~ 4 tf 4440tf 4 00440t 04

RS
R5

Y00(2100) INTO (LAMBDA OMEGA)/TOTAL
(Oo1) OR LESS FLATTE 1 67 HBC

t P5 ) /TOTAL

414444 444104 440 tef444 004 444440444 4444ftff f 44 04404tt ttff 44444 4004tttt

REFERENCES Y10(2100)

8/61
S trMA + f I 189,JP I/2+) f I

SEE LISTINGS OF STABLE PART ICLES

444444 ~ 40 ttff et tf 4 tt tt tt 004 f4f 4tf tf 0 44 ttt4 tet 04 ttf tf 44 14440 ~ 4 f
0t104 t 4 4 tttf tf 0 444404444 etttf tf ff tf ttft ff1 tt tttf 044 044104441T

WOHI. 66 PRL 1 7 107
FLATTE 1 67 PR 155 1517
TRIPP 67 NP 83 10
FLATTE 2 67 PR 163 1441
OAUM 68 NP 87 19
BURGUN 68 NP 88 447
GAlTI ERI 69 LUND PAPER 90

C G WOI L ~ F T SOL "I IT f » M L STEVENSON (LRL ) I JP
S M FLA'TTE (LRL I

+ t. E ITHE + I LRL ~ SLAC ECERN ~ HE I OEL ~ SACLAYI
S M FLATTER C G WOHL (LRL)
+ERNE ~ LAGNAt)X ~ SENS ~ STEUERE UOC tCERh )JP
+MEYER ~ PAULI ~ + t SACLAY ~ COLFRANCE ERTHFD)
A BARBARO GAL? IER I ILRL I I JP

20 SIGMA - ( I 198E JPof/2+) Iet

SEE L I STINGS OF STABLE PART ICLES

40 4 414 40 tt4410 4 04 t 4 ettt4 et ~ 100040 4tf t4t 0~ 4 44 4 ftf ttt tt4 0 ttef 0 0~ 4tf tf 4
~40044 04044444 4 0040 00444 044 ttt041 ttf 144 440 tt ttf 40 4 0 tf 1444444 tet ttef 4

04440 0 ttt0440 ~ 4 f4 tete t ~ ~ ~ ttttf t10 441ttf ftf ttfttttf 4 tt4tf ~044 4040014~
4111ft fffftttte ttfttfttt 440044000 fttftfeft etetttftf t0440444t f041 ~ttt

I & If OO lEEV — PRODUCTION AND CFTEIRO T~ EXPERIMENTS

~ 10~ff 0etftttff 40 44 44 ttt ttf ttt404 et ttftftl ff 04 ~0004 ttef 00004 tttftett

25 Y00( 2100) PROD EXPER

SEE THE MINI-REV IEW AT START OF Yt L 1ST ING

THE BUMP SEEN AT THIS HA 5 5 IN TOTAL CROSS SECT I ON F X PE ~

CONTAINS BOTH THE G01 AND F07 57ATE5 ABOVE-

25 Y00 ( 2 100 } MA'SS IMEV ) -PROOM EXPO

21 SIGMA 0 l 1193~ JPot/20) 1=1

SEE L IST INGS OF STABLE PARTICLES

ttt0 f 0 0004 4tfet 4 ~44400 f t 0ttettf 04 tettff 4tt 00 ~000000 ttf 4tettt 0000 ~ tttttfffttft ftft444tf ~1fftttft tt10441 ~ 0 fteftffff etfttte4

Yf1(1385& JP=3/2+) IRRI Pf 3
$(13()5) FOR OTSCUSSTOM OF TMCONSTSTENCT OF EIIIIORS RMO OIIR

MODIFICATIONS SEE NOTE ON Kt(890)

FOR THE TABLES WE USE ONLY THF. UNSTAR RED DA TA E WHICH
ATTEMPTS TO OBTAIN THE SEPARATE CHARGE-STATE HASSE5 AN

WIDTHS ~ SEE HOWEVER THE IDEQGRAMS INSERTED IN LISTING
THESE INDICATE SERIO(IS SYSTEMATICS ~ PERHAPS ARISING FRDH INTERFERENCE E

~I
M

AVG

(2097 ~ 0) (be0)
2103 ~ 0 10~ 0
2100~ 0 7o0
~ ~ ~ ~ o o e o ~

2 1 01 ~ 0 5 ~ 7

BOCK
KYC IA
8(JGG

65 HBC PBAR (' 5o7 BEV/C
67 CNTR K-P ~ 0 TOTAL
68 CNTR K-P ~ 0 TOTAL

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 0)

25 Y00(2100) WIDTH {MEV) -PROD EXP ~

l24 ~ 0)
143~ 0
140 0

It ( Z4 ~ 0) ROCK 65 HBC INTO KB AR N ( P I I
KYCIA 67 CNTR

W VUGG 68 CNTR
W ~ o ~ ~ o ~ ~ ~ ~
'W AVG 142e I Bo 3 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1 R0}

25 Y00( 2100), BRANCHING RATIOS PROOR E'X P ~

R 1
R I
R1

Y00(Z100) INTO (KBAR NI/TOTAL
0 ~ 333 0~ 013 KYC IA

10 ~ 305) BUGG
67 CNTR
eB cNTR

PROD ~ EXP ~

R2
RZ

Y40( 2 100 ) INTO (KBAR N PI ) /TOTAL
SEEN BOCK 65 HBC

PROD ~ E XP ~

0f0tt1 0144tt tte 4 ~ 04040 40 44144 f404 ef f44f 04 4 4 ~ 0ttttf 0 tttf 0 ~004 44 f11~ 04

REF ERENC E S —Y0 0( 2 I 00 I

BOCK 65 PL 17 166
COOL 66 PRL 16 1228

SL IGHTL Y REV I SEO
KYCIA 67 PRIVATE COMM

BUGG eB PR 1 68 14e6

+COOPER F RENC P ~ K INSON
+GI ACOME LLI ~ KYC IAOLEONT IC s

RESULTS FR CH KYC I A 67 REP{.ACE
T F KYCIA
+Gt LMORE KNIGHT ~ + ( RTH

( CERN ~ 5ACLA Y )
LI rLUNOBY ~ + (BNL ) I

COO(. 6(
(BNL ) I

FD BR MGHM C VNOSH ) I

040 ~ 40 00114~ tft ~000 04400 ettttf ff4 000444400 040044440 400044440 40 ~ 40040
14~110 etttetttt ~ttf 4140~ 0 ~tf 04t tt 4f ttff 000 00000040 4 4 ~ 00 f0400 4040400t

H
0
M

7/66
8 /67
e/( 8

14 1 ( 1384~ 0)
38( 1384 ~ 0)

{1 385 ~ 0)
{I 39Z ~ 0}

106(1381ROI
( 1 392 ~ OI
I 1389~ 0)

( 7 ~ 0)
(4 ~ 0)

( 10~ 0)
(3~ 0)

ALSTON
MARTI N

RER GE
COL LF. Y

CURT I 5
HUSGRAVE
BALTA Y

60 HBC
61 HRC
61 HRC
62 H(. BC
63 OSPK
65 HRC
65 HBC

+ K-P I ~ 1 5 BEV/C
0+ K20 P ~ 98 REV/C
+- K P ~ 4- ~ 85 BEV/C
0- P I- PRP 2 ~ RE V/C
0 PI P, I ~ 5 BEV/C
t-OPBAR P 3 4 BEV/C

PBAR P 3~ 7 SEV/C

3~ 9 E l.Y 61 HLBC + K P 1 ~ I 1 BEV/C
OF 3 ~ 0 ENLARGED TO 3 ~ 9 BY US BECAUSE LT STATIST ERR
3 ~ ') COOPE R 64 HRC + K-P 1 ~ 45 BE V/C
1 6 HUWE 64 Hr)C + K P 1 ~ 22 BEY/C
1 ~ 0 ARMENTERO 65 HRC + K-P ~ 9- 1 ? BEV/C
2 SMI TH 65 HRC + K-P 1 o95 BEV/C
le9 SMITH 65 HBC + K P 1 ~ 8 BEV/C
OF 1 ~ 4 ENLARGED TO 2 ~ I BY USMBECAUSE LT STATISTMER
OF I ~ 1 ENLARGED TO 1 e9 BY US ~ RECAUSE LT STATIST ~ ER
4e 0 BfRMINGHA 66 HBC + 3 ~ 5 K P
OF 2 ~ 0 ENLARGED TO 4 .0 BY US ~ BECAUSE L T STATIST ~ ERR ~

5 ~ 0 LONDOh 66 HBC + K P 2 ~ 24 BEV/C
1 ~ 0 SIEGEL 67 HBC + K-P AT 2 1 GEV/C
~ ~ ~
0~ 72 AVERAGE {ERRCR INCLUDES SCALE FACTOR OF I o3 )
l SEE IDEOGRAM BELOW )
3~ 0 OAHL 61 OBC - K 0 0 ~ 45 BE V/C
4 ~ 4 ELY 61 HLBC
OF 3 ~ 0 ENLARGED TO Ee4 BY US ~ BECAUSE LT STATI ST ~ ERR ~

6 ~ 2 COOP E R 64 HBC
1 ~ 5 HUW E 64 HBC
I 0 .ARMENTERO 65 HBC
2 ~ 6 SMITH 65 HBC — K P I ~ 8 BEV/C
4 ~ 0 SMI TH 65 HRC K P I ~ 95 BEV/C
OF 1 & ENLARGED TO 2 ~ 6 BY US, BECAUSE L T 5 TA 7 I ST ~ ER
CF 1 4 ENLARGED TO 4 ~ 0 BY US BECAUSE LT STATIST ER
9e 0 LONDON 66 HBC
Z ~ 0 SIEGE L 67 HBC - K-P AT 2 ~ 1 GEV/C
~ ~ ~
I ~ 5 AVERAGE (ERR CR I NC( UDES SCALE FACTOR OF 2 ~ 2 )
l SEE IOEOGRAH BELOW )

E 154
E

1 70
859
750

S 250
5 250
S
S
8 40
8

1376 0
ERROR

I 375oo
I 38 1 ~ 0
1 382 RO

1 382 ~ 6
1 384 ~ 3

ERROR
ERROR

I 383 ~ 0
ERROR

I 378 ~ 0
I 384 ~ 4
~ ~ ~ o ~ ~

1382 ~ 59

M+

M+

M+
M+

M+

8l61
6 /68

M+
My

M+

M+
Mt 1260
M+

M+ AVG

93
'E 224
E

200
108e
1380

S 120
5 58
S
S

1 382 ~ 0
1316~ 0

ERROR
1 392 ~ 0
I 385 ~ 3
1384 0
1391 5
1 399~ 8

8 RRO R

ERROR
I 389 ~ 0
I 390~ 7

~ ~ e \ e
I 385 ~ 9

M

M

M

M

M

M

M

M

370

AVG

F ECTS THAT CHANGE W ITH PRODUCT ION HECHAalf SH ANO BEAM MOMENTUMM

43 Ytll 1385} MASS {MCV)

7/66
7/66

10/694

9/66
9/66

1 0/690
10/694
9/67

I 0/6 90
7/66

10/690

I 0/690

9/66
9/66

1 0/690
10/690
1/bb

10/690

5C jj 8 t) ~o}trc c FLSY preceding tba data card ha{myF



PARTIcLE DATA GRQUP Reesew of Particle Properties 185

BARYON RESONANCES
Data in parentheses have not been inelnded in oar averages.

LIEIGHTED AVERAGE = 1382.59 a 0.72
ERROR SCAL'ED BY 1.3

t{EZGHTEO AVERAGE = 35.9 + 2.6
ERROR SCALED BY 1.9

I

YM1 (138S)t MASS (MEV)

SIEGEL
LONDON

. . . .BIRMINGHA
SMITH

MITH
RMENTERO
ULIE

DOPER
LY

1395

67 HBC

66 HBC
66 HBC
65 HBC
65 HBC
65 HBC
64 HBC
64 HBC

61 HLBC

CHISQ
3.3
0.8
0.0
0.8
0.0
0.3
1.0
3.8
2.9

12.9
CONLEV
=0.115)

~ ~ .SIEGEL 67
. .BIRMINGHA 66
.SMITH 65

. -SMITH 65
.ARMEHTERO 6S

~ -HULJE 64
.COOPER 64
ELY 61

10 30 SO 70
YM1 (138S)t t{IOTH (MEV)

HBC

HBC

HBC

HBC

HBC
HBC

HBC

HLBC

CHISQ
0.0
3.3
0.6
3.3
1 ~ 7

12.4
2.3
2.3

25.8
(CONLEV
=0.001)

LIEIGHTEO AVERAGE = 1385.9 a 1,5
ERROR SCALED BY 2.2

LIEIGHTED AVERAGE = 36.3 a 6.3
ERROR SCALED BY 3.5

1360 1380 . . 1400
Yr1 (138S)— MASS (MEV)

SIEGEL 67
LDNDON 66
SMITH 65
SMITH 65
ARMENTERO 65
HULIE 64
COOPER 64
ELY 61
DAHL 61

1420

HBC
HBC
HBC
HBC

HBC
HBC

HBC

HLBC
DBC

CHISQ
5.8

12.1
4.7
3 ~ 6
0.2
1 ~ 0
5.1
1.7

34.0
(CONLEU
:~0.000)

~ ~ SIEGEL
~ ~ . -SMITH

.SMITH
ARMENTERO

Ut{E
DOPER
LY

0 40 80
YM1 (1385)— LIIOTH (MEV)

67 HBC
65 HBC
65 HBC
65 HBC

64 HBC
64 HBC
61 HLBC

CHISQ
1.7

18.9
1.5
0.3

13.5
26.8
8.8

71.7
(CDNLEV
=0.000)

43 Ya(-I - Ya{tl MASS OlfFERENCE {NEVI 43 Yet( L385I PARTIAL DECAY MODES

D R
0 R

D R
0 R
0 R
0 R

R
0 R
0
0 R

{0~ 0)
{17~ I
l4o3)
(2oo)
(7~ 2)

{17~ 2)
REDUNDANT

{Lt ~ OI
9 ' 0

{6' 3)

(4.2l
le )
l2 ~ 2)
(I ~ 5)
{2 ll
{2~ 0)

W(TH DATA IN
{9~ 0)
6 ' 0

(2 ' 0)

ELY
COOPER

. HUWE
'ARMENTERO
' SMITH

SMI TH
MASS LIST ING ~

LONDON
LONDON' StEGE L

(64 ~ ol
{20 0)
{40o Dl
(Sooo)
{30ool
{38o DI
{2&oo)

OR LESS

(10~ 0)
{9.0)

o)
{5~ 0)

ALSTOII
MARTIN
SERGE
COLLEY
CURT) S
&USGRAVE
BALTAY

43 Yal{ 1385 I WIDTH {ME V)

61 MLBC t-
64 HIIC
64 HBC t
65 MSC t
65 HSC +
65 HBC t

«-P t. tl BEV/C

K P lo22 SEV/C
K P o9-1~ 2 BEV/C
K-P I ~ 8 BEVIC
K P I ~ 95 BEY/C

8/66
10/69+
8/66
Bleb
9/66
9/66

60 HSC t
61 HSC 0+
6L HBC +-
62 HLBC 0
63 OSPK 0
65 HSC +-0
65 HrlC

7/66
7/66

66 HSC +- K P 2o24 BEV/C 8/66
66 HBC + LAMBDA 3 Pl EVTS 7/66
&7 MBC K-P AT 2 ~ 1 GEV/C to/69a

Pl
P2

it I
'R 1
Rl
Rl
Rl

. Rl
Rl
RL AVG

YRL{1385) INTO LAMBDA PI
Yat( 1385) INTO SIGMA Pl

43 Yet( t385) BRANCHING RATIOS

DECAY MASSES
111St 139
t I 'I 7+ 139

Yat{ 1385)
0 04

(0 ~ 04 I
0 ~ 09
0 163
oo08

~ ~ ~ ~ o
0 ~ LDL

INTO (SIGMA Pll/(LAMBDA PI)
0 ~ 04 RAST I EN 61 MSC

OR LESS ALSTON 62 HBC
Oo04 HUWE 64 HBC
0 035 ARMENTERO 6'5 HRC
o.oe LONDON 66 HBC

~ ~ ~ ~

Do028 AVERAGE {ERROR INCLUDES
(SEE IDEOGRAM BELOW )

{P2)I {Pl)
+
+-0
t
+
t

SCALE FACTOR OF 1 ~ 4)

LIEIGHTED AVERAGE = 0 .101 & 0 .028
ERRDR SCALED BY 1.4

7/66
7/66

W+
W+

Wt
W+

W+
W+ 40
W+ 1260
lt+
W+ AVG

W

W~

W

W

W

W
'W-

370
'W

W- AVG

48 0
51 ~ 0
46 ' 5
32 0
30 ' 3
33 ~ 1
25 0
36oo

35 ' 9

(40 0)
66 ~ 0
88 ' 0
e2.o
38 ' 0
29 ' 2
17 I
31oo

~ ~ ~ ~

36 ' 3

8 0
10 ~ 0

3 ~ 0
3 ~ 0
3 I
3 ~ 8
6 ~ 0
3oo

2 ' 6
{SEE

Lo ~ 0
10 ~ 0

7 ' 0
3 ' 0
5 ~ 7
4 ~ 4
4 ~ 0

rI ~ 3
{SEE

FLY
COOPER
MUWE
ARirENTERO
SMITH
SMITH
8IRMI NGHA

5 IE GEL

&I HLB{:
64 HSC
64 HSC
65 HBC
65 HSC
65 HSC
66 Mr{C
67 MSC

+
+
t
t
+ K-P 1.8 SEV/C
+ K-P I o95 BEV/C

+ 3 ' 5 K P
K- P AT' 2 ~ I GE V IC

9/66
9/66
9/67

10/69+

INCLUDES SCALE FACTOR Of 1 9)AVERAGE I ERROR
IDEOGRAM BELOW )

DAML
ELY
COOPER
HUWE
ARMENTE
SMITH
SMI TM

5IEGEL

el OBC
bl MLBC
64 MSC
64 HBC

RO 65 HSC
65 HSC
65 HSC
6.7 HBC

K-P I ~ 80 BEV/C 9/66
K-P 1 95 BEVI C 9/66
K P AT 2 ~ L GEV/C to/69a

AVERAGE {ERROR INCLUDES SCA{.E FACTOR OF 3 ' 5)
IDEOGRAM BELOW I

ONDON 66 HBC

RMENTERO 65 HBC

U)4E 64 HBC

ASTIEH 61 HBC

"0 ' 05 0.05 0.15 0.25 0.35
Ys{1(138S) B.R. INTO (SIGMA PI) iLAMBOR PI

CHISQ
0.1
3.1
0 ~ 1
2.3
5.7

(CDHLEV
=0.129)

Scc thc if{ustratad kcy Preceding tha data card listings.
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BARYON RESONANCES

Data in parentheses have not been included in Dur averages.

41»sttttf

sects�»444

144441414 444»44if4 444444444 eettftff4 14144441 79 Yelf1560) PARTIAL DECAY MODES

ALSTCh
D AHL
srART I N

SERGE
BASTIEN
ELY

60 PRL 5 520
6L PRL 6 142
61 PRL 6 283
6L PRL 6 557

PRL 6 702
61 PRL 7 461

REFERENCES Y4111385)

+AL YARE I r ERERHAROr DCCDsGRAZIANO ~ + tLRL ) f
&HORWI TZ ~ MIlLER ~ MURRAYs WHI TE (LRL)
+L E IPUNFR ~ CHINOMSKY SHIVELY + I BNL ~ YALE I
+SASTLENrDAHL FERRO-LVZ&l ~ KIRZ ~ + (LRL)
P BASTIENrH FERRO LUZZlrA H ROSENFELD ILRL)
+F VNGs G I DAL ~ PAN POW EL L s WHI TE (LRL) J

Pt
P2

Y»1(1560} fNTO KSAR N

Yi'1(L560) INTO 5}GMA PI

79 Yt 1 I 1560} BRANCHING RAT I OS

rr I Yt1 ( 1560} INTO t KSAR N}4( SIGMA Pl ) /TOTAL»»2
RL (0 F 04} ARMENT'ERO 69 HDSC

DECAY MASSES
497+ 939

1197+ 139

IP14P2 }/TOTAL»42
9/69»

AL5TON
COLLEY
CURTIS
COOPER
HUWE

ALSO

62 CERN CONF 31 L

62 PR 128 1930
63 PR 132 1771
64 PL 8 365
64 UCRL-1L291 THESIS
69 tR 180 1824

+ALVAREZ FERRC LUll I ~ ROSENFELDr + (LRL I
sCsELFANO ~ NAUENRERGr + (COLUMSIArRUTGERS) JP
+COFFI Nr MEYER r TERM(LL )GER IMfCH) J
+F ILTHUTH ~ FRIDHANr&ALAHUD ~ 4 (CERN' AM5TR)
D 0 HUME ILRL) JP
0 0 HVMF (LRL )

44444 ~ 4»tt4444» 1444»444» 414444441 4444»tete 4»ttf4444 4»t»444»4 144»ttf

REFERENCES —Ytlt 1560)

ARHENTER 69 t. UND PAPER 224 ARMENTERDS BAllLON ~ + (CERN HEIDFL SACLAY)l JP
ARMENTEROS 69 VALUES ARE QUOTEO IN LFVI SETTI 69 ~

LEVISETT 69 LUND CONF R LEVI SETT( IRAoPORTEUR) I CHICAGO }

SHAFER 64 PR 134 81372
MALAHUD 64 &L 10 145

J 8 SHAFER ~ 0 0 HUWE

E &ALArsUD ~ P E SCHLE IN
(LRL I JP

I CERNr UCL A I JP

44»411 ettetteit tesittfet ttffftefi eetfffttt ietistfie 114»~fiet teeeiftt
e»»»i 4 tiii 44444 i i ttt444» 444iieeii i 4ittttte ttifii t»e eti»fti f4 i 44»i »i 4

M C' 1500 MKV — PRODUCTION EXPERIMENTS

1~ 4»14 14tftt414 41414»ttt 44141»ftf etetteeff t41»tttte 44ttfteet

E 1440
80 Yt 1(1440 ~ JP= ) lef

SEE THE MINI-REVUE AT THE START OF THE Yt LISTINGS

CLIME 68 FINO 4 NARROW PEAK AT 1440 HEV I JUST 48OVC
s/ THE KBAR N THRESHOLDI I N THE LAMBDA PI INVARIANT MASS

FOR K- 0 TO LAMBDA PI- P EVFNTS ~ THEY DISCUSS ALTER-
NATC INTERPRETATIONS THAT IT IS A RESONANCE OR A KINEMATIC EFFECT ~

IN CL INF. 68 THE K BEAM MOMENTUM I 5 0 4 GEV/C IN 4 5TUDY QF THC SAME
REACTfON WITH 4 MOMENTUM OF I 1 GEV/C ALEXANDER 69 FIND NO PEAK IN
ADDITION ~ THEY ARE ABLE TO EXPLAIN THE RESULTS OF BOTH EXPERIMENTS
MITHOUT INVOKING 4 NEW RESQNANCEa

44»441411 44414»f tt 44444»144 et»tet ttt 14ttttt»1 141'441114 1414141

CLINE 68 PRL 21 1372
ALEXANDE 69 PRL 22 483

REFERENCES -- YtL(1440)

0 CL INC ~ R LAVMANN ~ J MAPP IWI SCONSIN) I
ALEXANDER ~ HALL ~ JEW ~ + (LRL ~ 4 IVERSLDE )

44444 ~ tfetfttft 414444444 14144~4»f .4114444'44 114»11414 414444»ef 44 ~4411
441444 tttiieftf ettitftet fief» ttit 44»iitffi 414444441 4441tttef et»tete

23 Yt1 ( 1480 r JP- ) I el

SEE TVE MINI-REVUE AT THE START OF THE Yt LISTINGS»

~ PEAKS ARE SEE}i IN LAMBDA PI AND 5 IGMA Pl SPECTRA LN

THE REACTION P I+P TO Ks Pl Y AT I ~ 7 GEV/C ~ ALSO THE
Y POLARIZATION OSCILLATES IN THE SAME PEG IQN ~ SPIN
CONFIRMATION OF THIS RESONANCE IS REQUIRED ~

MUSGRAVE 65 NC 35' 735 +PETMEZASrt IBIRHGH}r CERNrEP ~ IHPCO(. SAC(.AY)
ARMENTER 65 I'L 19 75 ARMENTEROS» 4 ( C E}tN ~ H'E IDE L ~ SAC'LAY )
RALTAY 65 PR 140 81027 +SANDWE I SSs TAFT ~ CULMICKsKOPP ~ + I YALE ~ BNL)
SHI TH 65 THE$15 (UCLA) L T SMITH IUCLA)

SIRMINGH 66 PR 152 I 148 8 IRMINGHAH, GL ASGOW ~ I ~ C ~ OXFORDYRUTHERFORO
LONDON 66 PR 143 1034 +RAV SAMIOS ~ YAMAHOTO GOLDBERG ~ + (BNL»SYCRI J
SIEGEL 67 VCRL 18041 THESIS 0 M SIEGEL ILRL I

QUANTV}r NUsrBER DETER }sf hAT I CNS NCT REF ERRED TO IN DATA CARDS ~

etc»4 ~ 4»tete fft ttt»41441 11144tftt eeift4144 44414 ~ etf 4114tf414 tetttft
i 44»fe it»i 4ettt itfee44ft ittei feei ttettf ~ ft tfiet»eft tsii ~1»ef ffeettt

Z(IZ}aP)
Note on Z (l6ZO)

The major evidence for tais state comes from.

an experiment of a BNL-CCNY collaboration. Their

latest results, CRENNELL 69, are based on a four-

fold increase in the data of CRENNELL68. The

reaction in question is K n ~ Z(f620) + m + Tf

at 3.9 GeV/c ssith subsequent decay o( Z (}620)
into A-Tf. The enhancement remains with no in-.

crease in statistical significance. The SABRE

collabor ation has pre s ented at the Lund Con-

ference a comparable amount of data in the

same reaction at 3.0 GeV/c. They do not see
the enhancement of CRENNELL 69; on the

contrary, they believe it to be a spurious

peak resulting from misidentified Z from

the production of Z (1660), then decaying in-

to Z m . The BNL-CCNY-group, however,0

give further arguments that this cannot be, so.

H

M 4VG

23 Ytl (1480) MASS IHEV I

14SD ~ 0 15' 0 YU-LI PAN 69 HBC + P I+P TO K PI LAM

14&5 0 20ao YU-Lf PAhl 69 HBC + PI+A TQ K Pl 5 f0
~ 4» ~ 0 ~ ~ ~

1474 ~ 6 L2 0 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,0)

23 Ytl(14SO) MIDTH IHEV)

9/69»
9/69t

the . contr ove r s y g oe s on.

Formation experiments do not report this

state, which could be consistent with a low

( 35 ~ 0)
(25.0)

YU-LI PAN 69 HSC + PI+A TO K PI LAH
YU-Ll PAN 69 HBC + PI+P TO K Pl SIG

23 Yt 1 I 1480 } PART IAL DECAY srODE5

9/694
9/6 94

elasticity. The BNL-CCNY group report a

low KN branching ratio, but also very small

Pl
P2
P3

Ytl(1480) INTO KBAR N

Y4111480) INTO LAMBDA PI
Y41(14801 INTO SIGMA PI

23 Yt1(1480) BRANCHING RATIOS

DECAY HASSE$
497+ 939

1115+ 139
1189+ 139

branching ratios in the other channels. This

is- quite inconsistent with SU(3) (TRIPP 69).

RL
RL

R2
R2

Yt I I 1480) INTO I SIGMA P I ) I (LAMBDA P I ) (P3)/(P2)
0 ~ 72 0 49 YU Ll P4N 69 HBC +

Yfl(1480) INTO (PROTON KDBARI/ILAHBDA PII tPI)/(P2)
0 36 0 25 YU ll PAN 69 HSC +

ttt1144 itfetfeti tests»tet 41»i44»tt ttttttftt f4itetftf itfttie
REFERENCES ~ Yel (1480)

9/691

9/694

In conclusion, the situation is now con-

fused enough that we have decided to take this

state off the Baryon Table and keep it in the

listing until further clarification.
YU LI PA 69 PRI. 23 SO&
YU t. f PA 69 PRL 23 808

YU Lt PAN ~ F L FOR|sAN
YU-ll PAN ~ F L FORMAN

(PENN) I
IPENN)

78 Yt1(1620~ Jpe ) Ief.
4t4444 444444444 444144144 4444fteet 144t44444 ttt»444»4 41~ 444144 4444»44

END PRODUCT tON EX PER IHENTS
~4444 tteef 4 ttf 4444»tttf ttttt»ttt 444444444 4444444 ~ 1 tetetete 1 414tf14

tti 444 4itt»4444 tfeteetee t444i 4414 tete it»44 tie»144tf tee ~ tet et 444»44tt

g(15(}p) 79 Yss1 s560 Jp=s/sss s ~ s
~I

SEE THE MINI-REVUE AT THE ST4RT OF THE Yt LISTINGS ~

THE PARTIAL-WAVE ANALYS IS OF K- N TO SIGMA PI SUGGESTS
SUCH 4 RESONANCE ~ SUT FURTHER EVIDENCE IS REQUIRED

SEE THE MINI REVUE AT THE START OF THE Yf LIST tNGS ~
ANO' Mlhrl-REVIEW Ar}OVE~

THIS RESONANCE NEEDS CphFIRHATION ~ THC RESULTS OF
CRENNELL 69 AT 3 ~ 9 GEV/C ARE NOT CONF IRHED BY THE SABRE
f:OLLABDRATI ON AT 3~ 0 GEV/C I SABRE 69) ~ rsARTIAL WAVE

ANALYSIS OF ARMENTEROS 69 DOES NOT CONf I&H IT NOW

78 Yt 1 ( L620) MASS (MEV)

7'9 Y»L(1566} MASS (HEV) N
H 4
M 4
H

M

H

AVG

79 Ytl I 1560) MIDTH IMEV)

9/691ARMENTE)tO 69 HDSC 0( 100»0)

H (1560.0) ARIIIENIERO 69 HOBC 0 K N TO 5IGP I El 9/691

( 1616~ 0 I ( 8 ~ 0)
EVENTS OF CRENNELL 68

I Lbfo 0)
ANA(. YSIS OF OLDtNEW

20 16LB~ 0 3 ~ 0
1619»0 Se 0
s ~ e ~ s e ~ ~ ~
1618~ 1 2 ~ 8

CRENNELL 68 DBC +- K-0 3 ~ 9 BEV/C ll/68
ARE IN THE LARGER SAMPLE OF CRENNELL 69

ARMENTERQ 68 HDSC 0- KSAR N TD LAN rs} I ll&8
04TA AT LOWER ENERGY DOES NOT SHOW 4 Pll RE ~ 3/694

BLV&EhF\L 69 HSC + KO LONG + PROTON 9/691
CRENNELL 69 DBC + K-N TO LA}r 3 PI 9/691

4VER4GE (E}IRCR INCLUDES SCALE FACTO(t OF 1 ~ 0)

See the (}Itrstratcd kcy prcccdtn8 the data card (Istin8s.



Pattzzczx DATA ("RoUr ReosesI of Partsele Properties

BARYON RESONANCES
Data in parentheses have not been I'ncl(Eded in oN r averages.

78 Y11(1620) WIDTH I MEV)

W N tee. o) tie.0)
A (60 '0)

'W 20 30 ' 0 10»0
W 72»0 22 '0
W ~ ~ ~ » ~ ~ ~ ~

W AVG 39~ 5 17~ 6
SEE THE NOTES

CRENNELL e8 ABC +- SEE NOTE N ABOVE 11/e8
ARMENTERO 68 HOBC 0 11/68
BLUMCNFEL 69 HBC 9/691

1'5 0 CRENNELL 69 DBC + 9/6 91

AVERAGE IERROR INCLUDES SCALE FACTOR OF 2 ~ 0)
ACCOMPANYING THE MASSES QUOTED

Pl
P2
P3
p(T

78 Y11(1620) PARTIAI. DECAY MODES

Y1111620) INTO KBAR N

Yelt 1620) INTO LAMBDA PI
Y1L( 1620) INTO Y11(138'5) PI
Y11(1620) INTO LAMBDA Pl Pl

78 Y11(1620) BRANCHING RATIOS

CECAY MASSES
eE97+ 939

1115+ L39
1385+ 139
1115+ 139+ 139

9/691
Rl Y11(1620) INTO (KBAR N)1(LAMBDA Pl )/TOTAL112 (P11P2)/TOTAL112
R'I A (0 »0225) ARMENTERD 68 HDBC 0- SOL. UT ION B

find a branching ratio in agreement with for-
mation experiments.

The accompanying figure shows a plot
(taken from BARNES 69) of all the measure-
ments of the ATT/Z TT ratio. The evidence for
a large ratio [the effect that was evidence
for Z (i690) j is now based on experiments
with small statistics. The mass shift of 20

R2
R2

Ys 1( 1620) INTO IKBAR N)/I LAMBDA PI ) (Pl)/(P2)
(0 ~ 0) IO 1) CRENNELL 68 DRC to 40 MeV does not seem to us to be evidence

R3 Y11(1620) INTO LAMBDA PI (P2)
LARGE CRENNELL 68 DBC +- «/68 for a new state. We withdraw Z {4690) from

R5
R5

'Y11( 1620) INTO (Y11 t 1385) Pl) /t LAMBDA PI) (P3)/(P2)
(0 ' 2) (0 ~ I) CRENNE(. L &8 ORC t

Y11(1620) INTO (LAMBDA Pl Pl I/(LAMBDA Pl) (PEE)/(P3)
leT 12 ' 5) APPROX BLUMENFEL 69 HBC +

11111 111111111111111111111111111111111111111111111111111~ 11 1111111

REFERENCES - Y11(1620)

C R E NNE L l.
ARMENTER
ARMENTER
BLUME NF E
CRENNELL

LEVI SETT
SABRE
TRIPP

68 PRL 21 6(TB +DELANCY ~ FLAMINIO ~ KARSHONG + tBNL ~ CCNYI I
68 NP 88 183 ARMENTEROS ~ RAILLONE + (CERN ~ HE I DELE SACLAY ) I JP
69 LUND PAPER 227 ARMENTEROS ~ RAILLON ~ + (CERNEHE IDEL ~ SACLAY) I JP
69 PL 298 58 RLUMENF ELD K AL BFL 8 El SCH (BNL)
69 LUND PAPER 183 +KAstSHDN ~ LAI ~ CNEIL ~ SCARRE + (BNLECCNY) I

CRENNELL 69 ANO ARE(ENTERDS 69 RESULTS ARE QUOTED IN LEVI SETTI 69 '
69 LUNA CCNF R LEV I 5'ETT I (RAPPORTEUR) EF INS
69 LUND PAoER 256 SABRE CDLLAROR» (SACLtAMST&RGNA&REHO+EPOL)
69 UCRL 1936 L R D TR IPP t LR(. )

111111 ~111111111111111111'1111111111111111111'1111' 1'11111111111111
11111 111111111111111111111~11111 1111111111111111111111111111111111

Note on the l66'0-MeV Region, I = 1

Formation experiments show the pre s enc e

of only one I = 1 s tate in this ene r gy re gion

with major decay modes into: KN (8/0 ),
ATr{3Z/0 ), Zm(50'jp ). Its quantum numbers

are J = 3/2
Production experiments are quite con-

fused: as for the quantum numbers it is'now
P

a, greed that Z = 3/2 is the roost likely; the

branching ratios, especially R =AIT/ZTT,

11/68

9/6 91

the table, waiting far better evidence for it.
Still unexplained is the small value of R at
low incident K energy and the variation of

R with momentum transfer.
I I

= X (l67Q) ~

5-
04

3-
NN~

g ALVARKZ 63
Q HUWK $4
g LONDON 60

.V DKRRICK 67 V
Q COL, LK.V 6V

e euxiON- SHaraa 69
X IARNKS 60 AggENTEgos69

e

tt.::~casse:.j4v.:&m".+::.:":
1

I

I 2

a
~tt ~ ~ ~ tat ~ ~ ~ tottt ~ ~ ~ ~ ~ ~ aot) ~ tata tt/a ~ ttot ~ ~tat~at ~ tt tata to
':WNi~:~~;~.& ~.~' WE ~:JPYtVgt:.~.&

La ~ ~ ~ ~ ot ~ ~ ~ t aoat Lt ~ ta aa ~ ~ ttl ~ ~ ~ ta ~ a\ ~ I

s1

I I

3 4 5 6
(GeV/c )

The branching ratio R =
Z $670
Z(X670i- A~

versus incident K momentum for the various
however, do not agree among the various
experiments. EBERHARD 69 see the Q'= gg/Z7f7f

ratio change with the rnornenturn transfer to
the protan and suggest the existence of two

OTO

Y with the same mass and same quantum

numbers.
In the past we have included in the Baryon

Table two states Z (1660), Z (1690), with the

comme nt that the de cay mode s of the two

states were not separated yet. The evidence

for Z (4690) carne from. K p experiments at

high energy (4.6 to 6 GeV/c) where the ratio
R seemed to be very large, in disagreement
with the data at lowe r energy. Recently,
however, BARNES 69 pre s ented improved
data of the PRIMER 67 experiment and now

experiments, as plotted by BARNES 69.
DERRICK 67 -and COLLE Y 6 7 claim the ex-
istence of a different state, Z {4690), because
of their large values of R. The value of R

from the formation experiment of
ARMENTEROS 69 is in agreement with most
of the production experiment results.

( L660 ~ 0)
5 (1668 ) (5 ~ )

(1667~ I
( lee 1 ~ 0) I 2 ~ 0)
( 1680 I

5 ( L663 ~ 0) (2 ~ 0)
5 SY ST EMAT IC F. IlROR NAT

7/66
11/68
11/68
11/68
12/681
9/691
b/68

BER LE Y beE HBC 0 K«P TO L AM P 10
AREIENTER 68 HRC 0 K P ELA5 ~ eCH, EX
ARMENTE 1 68 HBC OK-P TO LAtE P I E I
ARMFNTF2 68 HRC 0 K P TO StGMA Pl
ARE(f4 TE(T 69 DBC K-N TO SIG- P(0
APMENT 5 69 HRC 0 K-P TC 5 IGMP I EO

INCL(IDEA ~ ANLY INDETERM IN FIT QUOTED

Y ~ 1(1670~ JPs3/2 ) 'Is I D f 3

g(16»/P) SEE THE HIHI REVUE RT THE STSRT GF THE Vo LIST IHGS,

SEE NOTE ABOVE

WELL ESTABLISHED RES(3(ANCE' IT IEAS. BEEN SEEN IN BOTH
FOR'(ATION ANO PRODUCTION EXPERIMENTS' HOWEVER THE
BRANCHING ilATIOS OBTAINEO BY THESE TWO E(ETHCAS SHOW
LARGE INCONSISTENCIES ~

SEE LISTING OF PRODUCTION EXPERIMENTS BELOW

AS FOR THE QUANTUM NUMBERS E THE tLNALYSES OF LAMBDA P I CHAhNEL ( IN
FORMATION EXP ) ANO Y10(LrE05)sPI CHANNEL ( IN PROD» EXP ~ I ARE CDNSISTFNT
l(ITH JP&3/2»t»

rtb Y1111670) MASS (MEV)

BeIR chs TRssttrsted )Eey prsesdiEt8 ths dsts estd littiT&gt.
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Data in parentheses have not been included in oar averages.
BARYON RESONANCES

W

}f 5
W

'W 5
W 5

44 Ytl {1670) WIDTH (MEV)

(60 ' 0)
(56~ ) (18~ )
l50 ~ )
(44.o) lb. o)
(47 0)
{49' 0} (4 ' 0)

SYSTEMATIC FRROR NQ7

BERLEY 64 HBC 0
ARE{ENTER 68 Httc 0 K-P ELAS ~ +CH ~ EX
ARMENTEI 68 HBC 0 K-P TO LAMR ~ Pl
ARMENTE7 68 HRC 0 K P TQ SIGMA PI
ARHENTE4 69 OBC K-N TQ SIG- PIO
ARMENT 5 69 HBC 0 K-P TQ 5IGMP f ED

INCLUDED ~ ONLY INDETERN IN F IT QUOTED

7/66
11/68
11/6 8
11/68
12/68t
9/6 9t
6/68

R3
R3
R3
P3

Ytl(1670) INTO (LAMB ~ PI PI)/(Slr, Pl} PROD
90 (0 56) ALVAREZ 63 HBC

{0~ 17 l SMITH 63 HRC
(0~ 6} OR LESS LONDON 66 HBC

(P4)/(P3)
+ K P AT IG15
0
+KPAT225

BEV/C

BEV/C 7/66

R4 Ytl(1670) INTO (SIGMA P! PI )/(SIG PI } PROD ~

R4 180 (0 56) ALVAR El 63 HBC
{P5)/(P3)
+ K-P AT IH15 85V/C

7/6 6
7/6 8

R5 Ytl(1670) INTO (Yto{1405) Pl )/(5 IG PI) PROD ~ (PT)/{ P3}
R5 50 3 ~ 1.6 LONDON 66 HBC + K-P AT 2 ' 25 BEV/C
R5 P 17 (0 ~ 58) {0F 20) PRIMER 68 HRC + K P 4 ~ 6-5 ~ GEV/C

Pl
P2
P3
P4
P5
P6
PT

44 Ytl(1670) PARTIAL DECAY MADES

Yi'1{1670) INTO KBAR N

Ytl(1670) INTO LAMBDA PI
Yt1( 1670) INTC SIGMA P I
Yt 1( 1670) INTO LAMBDA P I P I
Yi'1(1670) INTC SIGMA Pl Pf
Ytl{ 1670) INTO Ytl(1385) PI
Ytl(1670) INTO Yto(1405) Pf

DECAY MASSES
497+ 939

1115+ 139
1197+ 139
1115+ 139+ 139
1197+ 139+ 139
l.l 85+ 1 39
1405+ 139

RS
R6
R6
R6 A

A

R7
RT

Yt1{1670) INTO (SIGHA PI)/(5{GMA PI PI)
( 4} OR LESS 8 IRAEINGHA 66 HRC
QN30 0 ~ 15 LONDON Se HBC

tsFTWEEN 2 5 AND 0.24 EBF.RHARO 69 HBC
DEPENDING ON THE PRODUCT ION ANGLE

Ytl(1670) INTO (Yto(1405) Pf)/(SIGMA Pf PI)
0 ~ 90 0 ~ 10 0 ~ 16 ERF RHARO 65

(P7) I (P5)
+ K-P AT ?~ 45 BEV/C 7/6 6

(P3)/(P5)
+ KP AT 3 5 GEV/C 11/67
+ K-P AT 2 ~ 25 tsEV/3 7/66

K-P AT 2 ~ 6 GEV/C 9/69t

44 Ytl(1670) BRANCHING RATIOS
RB
!(8

Yt1(1670) fNTO (Yto{1405) P I )I {Ytl(1385) P I ) (P7) I(P6)
(0 ~ 8 I CR MORE EBFRHARO 65 + K P AT 2 45 BEV/C 7/66

Rl
Rl
Rl

RZ
RZ

Ytl(1670} INTO {KBAR h)/TOTAL
(0 ' 09) (0 ~ 02) ARMENTER
O. OB O. OZ ARMEN T-5

Ytl(1670) INTO (LAMBDA P! Pf)/TOTAL
(0~ 11) OR LESS ARHENTE3

\ Pl )/TOTAL
68 HBC
69 HBC 0 ELAS +CH ~ EX EO

(P4)/TOTAL
68 HBC K P (Ple 09)

9/6 9t
9/69t

9/69t

R3 Ytl(1670) INTO (SIGMA Pl P! }/TOTAL {P 5) /TOTAL
R3 A (ON 14} OR LESS ARMFNTE3 68 HBC K P AND OP I= ~ 09 11/68
R3 A RATIO ONLY FOR {SIG2PI) SYSTEM IN I=lE WHICH CANNOT BE Ytl(1385) 11/68

R9
R9

R 10
Rlo

R 1 1
R 1).

Ytl(1670) IN (LAMBDA PI PI )/(SIGMA fsf Pf ) (P4) /{ P5)
0 ~ 35 OG2 8{RM!NGHA 66 Hs}C + K-P AT 3 ~ 5 GEV/C 1 1/67

Ytl( 1670) INTO (LAN ftOA PI )/{ 5 IGHA PI P I ) (P2)/(P5)
( ~ 2) OR LESS 8IR IVII NGHA 66 HBC + K-P AT 3.5 GEV/C 11/67

'Yt 1(1670} INTO (Yt1 (1385) PI )/(5 IG P I ) PRO ~ (P6)/{ P3)
ON4 0 ~ 1 BARNES 69 HBC t K-P 3R9-5 GEV/C 10/69t

R4
R4

Yt 1( 1670) INTO {Yto(1405) Pl }/TOTAL
(0 06) OR LESS ARHENTE3

(PT)/TOTAL
68 HBC K P ANO D PI& 09 11/68

ttttt itttttttt ttttttttt ttttttttt ttttttttt ttttttttt ttttttttt
44 QUANTUH NUMBER DETER)EINAT ION

R5
R '5

Rs
Re
R6
AfS

R6

Yt1(1670) INTO
{0F 044)
(0 ~ 029)
{0 036)
0 F 04

(SIGHA Pl ) t(KBAR N)/TOTALtt2
{HO04) ARMENTE 2 6 8 Hf)C

BER LE Y 68 HBC
ARMENTE4 69 OBC
ARMENT 5 69 HBC

Yt1(1670) INTO (LAMBDA Pl)t(KBAR N)/TOTALttZ
(O.O25S} ARMENTEI 68 HBC

(P2tPI )/TOTALtt2
0 K-P TO LAHR ~ Pl 11/68

(P3*P1)/TOTALtt2
0 QLO DATA 11/68
0 K-P ~ 6-.82 BEV/C 11/68

9/69i'
0 NEW DATA 9/6 9't

Ql
02
03
Q4 400

JP=3/2+
JP~3/2-
JP=312-
JP=3/7-

LEVEQUE 65 HBC INTO Ytt 1405)+PI 11/68
SCHLE IN 66 OBC 0 INTO LAMBDA PI ll/68
ERE RHARD 67 HBC + INTO Yt(1405) P I 11/68
BUTTON-SH 68 HBC +- INTO 5 IGZERO+Pf If/68

ittttti tt ii ttitttt tttti tttt itti tttti tttttttt
REFERENCES - Ytl( 1660) PROOUC ~ EXPERIHENTS

R7
R7

RB
RB

Yt1(1670) INTO (Yto(1405) Pl)/(SIG PI)
(0 ~ 5) OR {.ESS BERLEY

IP7) I {P3)
68 HBC 0 K-P 6- ~ 82 BEV/C 11/68

Ytl(1670) INTO Ytl(1385)t(KBAR N)/TQTALtt2 (PstP1)/TOTALtt2
(0 ~ 031) (0 ~ 006'} SIMS 68 OBC 11/68

Al. EXANDE 62 CERN CONF 320 ALEXANDER JACOBS KALBF LE I SCH !EfLLER ~ + (LRL) I
ALVAREZ 63 PRL 10 184 +ALSTQNE FERRO LUlll ~ HUWE ~ + (LRL) I
SMITH 63 ATHENS CONF 67 G A SMITH (L Rl. )
HUWF. 64 PR 180 1824(1969) D 0 HUWE {LRL)
EBFR HARD 65 PRL (4 466 +SHIVELY GROSS ~ S I EGAL ~ F ICENEC ~ + {LRLE ILL I I

tttitt ttiiti ~ it itttttttt ittitttti ttttiittt tittiitit ttitttttt tttttttt
REFERENCES - Ytl {1670)

ARMENTERQSEBAILLQN +
ARMENTEft QSE BA ILLQN +
ARMENTEft05+BA ILLQN +
ARNtENTEROS BA ILLQE{ +

ARMENTER 68 NP 88 195
ARMENTE1 68 NtE RB 183
ARMENTE2 68 NP 88 223
ARHENTE3 68 PL 288 521

BERLEY 68 VIENNA CONF BERLEY E HART ~ R AHI" ~ W I LL 15 s YAHAMQTO (BNL)
Sl MS 68 PRL 21 141') SIHSEALBR IGHT BARTLEY ~ MEER+ (FLO+TAFTS+9R A)
ARMENTE4 69 NP Blo 459 ARMENTEPAS ~ BAILLQN, MINTEN + (CERNGBACLAY) J
ARMENT-5 69 hlP {SUB)CERN 69-13ARMENTERQSE BAILLQN, + (CERN, HE I DELE SACLAY) I JP

PAPERS NOT REFERRED TO IN DATA CARDS

BERLEY 64 DUBNA CQNF I 565 +CONNQLLYEHART ERAHME STQNEHI{LE + (BNL ) I JP

{CERNfHEIO&SACLAY)IJP
{CERN+HE I 0+SACL AY ) I JP

{CERN+HEIDE+SACLAY) I JP
(CERNfHEIA+SACLAY) I

RIRMINGH
LONDON
BUGG
BUTTON-5
PRIMER
BARNES
FBERHARO

T ZADEH

LEVEQUE
LEE
SCHLE IN

66 PR 152 1148
66 PR 143 1034
68 PR 168 1466
68 PRL 21 1123
*A PRL 20 el 0
69 8NL 13823
69 PRL 22 200

BIRMINGHAM GLASGOW ~ I ~ C ~ Y OXFORD RUTHERFORD
+RAU SAfsf QS YAMAMDTO GQl DBERG + (f)NL SYCR ) IJ
+GILMAP 6 KN f{'HT ~ DAY IE St ( 8IRHI GAMB ~ RUTH) I
J BUTTON SHAF ER (UN IV

CAMAS&LRL)

JP
+GQLDRERGEJAEGERERARNESEODRNAN + {SYRES)NL)
RARNESECHUNG ~ EISNER ~ FLAMfNIQ ~. (BNL+SYR)
+FRIEOfrAN PRIPSTEIN ROSS {LRL)

REFERENCE FOR QUANTUH NUM'(FRS

63 PRL 11 470 TAHER-ZADEHE PRO'WSEESCHLEINESLATERE+ (UCLA) JP
SEE NOTE FOLLOWING SCHLE Is{ 66 ~

65 PL 18 e9 + (SACLAY EP GLASGOW IMPCAL ~ OXFERTHFO) JP
66 PRL 17 45 Y Y LEER D 0 REEDER ~ R W HARTUNG (WISC) JP
6fi UCL A- 10 16 P E SC}ELE INE T G TRIPPE (UCLA) JP

REANAL YZES DATA OF TAHER-ZAOEH 63 AND f}ASTIEN 63 AND ALL PUBL ISHEO
LAMBDA P I CROSS SFCT ION DATA IN T)EE LIGHT OF THE NOW KNOWN

Yt1( 1 T65} AND ftEVERSES TI.E MODEL-DEPENDENT CONCLUSION OF TAHER
ZADEH ON THE PREFERRED JP ASSIGNMENT {FROM 3/2+ TQ 3/2-) ~

BASTIEN! 63 PRL 10 188 P L BAST IEN ~ J P BERGE (LRL) IJ
REPLACED BY BAST IEN Zt BUT SIMILAR ANA A{ORE READILY AVAILABLF ~

BAST IEN2 fI3 UCRL-10779 THE 5( 5 P {. BAST {EN (LRL) IJ
SMART 66 PRL 1 7 556 W M SHARTEA KERNANEG E KALMUSER P ELY (LRL) I JP
ARHENTER 67 NP 83 592 ARMENTEROSEFERRO-LUZZ I+ (CERNEHEIDe SACLAYl

EEERHARD 67 PR 163 1446

PAPERS NOT REFERRED TO IN DATA CARDS

+PR IP5 TE I N E SHI VELY ~ KRUSE E SWANSON (LRL ~ I {.L ) I JP

~ ttt it ttttttttt tt ~ tttttt ittittttt ttttttttt ttttttttt itttttttt tttttttt
tttttt ttttttttt ttttttttt ttttttttt ttttttttt tttttttt' ~ tt ~ tttttt

ttttti ii ttttitt ttttttttt ttttttttt ttttttttt ttttttttt tttti ~ tit ttttt ~ tt
EhlO Ytl (1660) PRODUCT ION EXPER fHENTS

titttt tittttttt ttitttttt ttttitttt tttttt tet tttttttit ttttttt ~ ~ ~ ttttttt
&(&6'/0) PRODUCTION EXPERIllENTS ~ tt ttt ttttttttt ttttttttt ttttttttt ttttitttt ttttttttt ttttttttt tttttttt

SEE NOTE PRECEDING Ytl(1670)

Yt 1 ( 1670) MASS (MEV ) —PRODUCT ION

H

M P
H P

M

Ii

H AVG

(1685~ 0)
1660HO 10~0

(1665~ 0) (5H0)
70{1661 l {9 )

SEE BARNES 69 FOR
1689H 15»
1670' 10
1677' 20 '
H ~ ~ ~ ~ ~ ~ ~ ~
1670 1 F 1

ALEXANDER 62 HBC 0
ALVAR EZ 63 HBC +
BUGG 68 CNTR
PRIMFR 68 HBc +

NEW ANALYSIS QF DATA {3 TIMES
BAR NE 5 69 HBC +
RARNE S 69 HBC +
BARNE S 69 HBC +

PI P 2 2 ~ 2 BEV/C
K-P 1 51 BEV/C
K-PE 0 TOTAL C 5
K-P F 6-5H GEV/C
MARE OATAl
LA!ENPI -5 GEV/C
K-P TO 5 IG P I
LAM ~ Pf -3 9GEV/C

AVERAGE (ERROR INCLUDES SCALE FACTQR OF 1 ~ 0}

7/68
10/69't
10/69t
10/69t
10/69II

W

W

W P
W

lf

W

}f AVG

44 Ytl{1670) WIDTH (MEV) PRODUCTION

(45.0)
40 ' 0

(30 ' 0}
70 (60. )

110~

116
120~

10 0
(15 0}
(Zo )
20 ~

30H
30H

ALEXAhDER
ALVAP, EZ
BUGG
PRIHE R

BARNES
MAR NE 5
BARNE 5

62 HBC
63 HBC
68 CNTR
68 HBC
69 HBC
69 HBC
69 HBC

0-
t
+
+
+
+

11/se
K-P 4 ~ 6-5 ~ GEV/C 7/68
K P TO SIG PI 10/69t
LAM ~ P I -3~ 9GEV/C 10/69t
LAM ~ PI -5 GEV/C 10/69t

~ H ~ ~

63 ~ 7
SE

44 Ytl{1670l BRANCHING RATIOS PROD ~ FXP ~

~ ~ H ~

19H9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ~ 4)
E THE NOTES ACCOMPANYING THE MASSES QUOTED

58 Yt1(1690~ JP= ) I=I.

Z(1690) SEE THE MINI-REVUE AT THE START OF THE TA LISTINGS

% SEE NOTE PRFCEOING Ytl(1660} LISTINGSE SEEN IN PRO ~
EXPER IHENTS ONLY

M

M P
M P
H P
M

N

M

H

W

W N

If
If

30 (IOQHO)
60 ( 105~ 0)

l 62 ~ 0)
{130~ 0)

46 {25~ 0)
SEE

58 Ytl(1690) WIDTI- {MEV)

(35 0) CQL{.EY 67 HBC +
(3' 0) PR f !GER 68 HBC +
(14~ 0} 5 IA!S 68 HRC SEE NOTE N ABOVE
(25 ' 0} MOTT 69 HBC +
{10 0) BLU!AFhFEL 69 HBC +

THE NOTES ACCOMPANYING THE MASSES QUOTED

58 Y ~ 1(1690) MASS (HEV}

30( 1715~ ol ( 12 ~ 0) CQLLEY 67 HBC + KP 6 GEV/C
eo{1694HO} {24' 0) PRI MFR 68 HBC + K-P 4 ~ 6-5 GEV/C

SEE Ytl(1670) LISTING BARNES 69 WITH 3 TIMES THE DATA OF PRIHER68
SHOlf THAT THEY HA VF. NQ FV !DENCE FOR Yt I ( 1690)~

(1700~ 0} (6 ~ 0) SIHS 68 HBC - K-N TA LAM Pl Pf
THIS ANALY515 ~ WHICH 15 DIFF ICULT AND REQUIRF5 5EVERAL ASSUMPTION5

ANO SHOWS NO UNAMBIGUOUS Ytl( 1690) SIGNAL ~ SUG{;ESTS JP=5/2+ ~ SUCH A

Yt WOULD LEAD ALL PREVIOUSLY KNOWN Yt TRAJECTQR(ES ~

-(1700HQ) {ZORO) MOTT 69 HBC + K P 5 ~ 5 GFV/C
46{1682 ~ 0) (2 ~ 0) BLUHENFEL 69 HBC + Ko LONG + PROTON

8/6 7
7/68

!1/68

9/69t
9/6 9i'

8/b 7
7/6 8

11/e8
9/69t
9/e 9t

Rl
Rl
Rl
Rl
Rl
Rl
Rl

Ytl(1670} It(TO (KBAR N)/(5 IGHA P I )
0 (0~ 19) OR LESS ALVAR El

(0 ~ 5)+ H25 OR MORE 5!III TH
{0~ 6') OR LESS LONDON
(0 025) BUGG

0 {0~ 24} OR LESS PRIHE R

(0 26) OR LESS BARNE 5

PROD EXP ~ (P 1 ) l(P3)
63 HBC + K-P AT 1 ~ 15 BEV/C
s3 HBC 0-
ee HBC + K-P AT 2 25 BEV/C
68 CNTR 0 ASSUMING J~3/2
68 HBC + K-P 4 ~ 6 5 ~ GEV/C
69 HBC + K P 3H9 5 GEV/C

7/6 6
11/66
7/68

10/69t

Pl
P2
P3
ts4
P5

58 Yt1(1690) PARTIAL DECAY !EOOES

Ytl{ !coo) INTO KBAR N

Ytl( 1690) INTO LAMBDA P I
Yt1{1690) INTO SIGMA PI
Ytl(1690} INTO Ytl(1385) PI
Ytl(1690) INTO LAMBDA PI Pf (INCLUDING P4)

DECAY MASSES
497+ 939

1115+ 139
1197+ 139
1385+ 139
1115+ 13'g+ 139

RZ
st 2
RZ
RZ
RZ
RZ
st 2 P
R2 P
RZ P
R2
RZ
RZ AVG AVERAGF. (CRRQR INCLUDES SCALE FACTOR OF I ~ 5)

See the illustrated key Preceding the data card listings,

Yt1{1670) INTO (LAMB ~ Pl) I{SIG Pl ) PROD ~ EXP ~ (P2) /(P3)
130 (1~ 20) ALvAREz e3 HBc + K-p AT 1.15 BEv/C

(1.2) SMITH 63 HBC 0
0 15 0 ~ 07 HUWE 64 HBC . +

(0 6 } QR LESS LONDON 66 HBC + K P AT 2 ~ 25 BEV/C 7/66
33 0.11 0.oe BUTTON S 68 HBC + K P AT IH7 GEV/C 10/69t

0 (0 PRIMER 68 HRC t K P 3H9 5 GEV/C 10/69t
PRIMER 68 ASSUMED THIS DECAY TO BE ALL Yt(1690)- SEE BARNES 69 FOR
NFW INTERPRATAT ION OF DATA ~ (3 TIMFS NIORF. DATA)

0 ~ 45 ' 0 ~ 15 BARNE5 69 HBC + K-P 3 ~ 9-5 GEV/C 10/69t
~ ~ ~ ~ ~ ~ ~ ~ ~

0 ' 154 OH065



PARTxcx, E DATA GRovx RerIjew of Particle Properties fg9

BARYON RESONANCES
Data in parentheses have

58 Ytl{1690) BRANCH{NG RATIOS

not been included in our averages.
1

45 Yt1(1765r JP45/2-) I= I

Rl
Rl
Rl

Ytl( 1690) INTO {KBAR N) /(LAMBDA Pf I

18 0»4 0 ~ 25 C(ILLE Y
(0 ' 2)QR LESS MOT T

(Pl)/{P2)
67 HSC + 6/30 EVENTS
69 HSC +

8/67
9/694

g(] IISS) GGG IIII NINI-REVUE AT THE GIIINI oF IME IF LISTINGS.

45 Ytl(1765) MASS (MEV)

R2
R2
%2

Ytl{1690) INTA I 5 IGMA PI)/(LAMBDA Pl )
0 3 0 ' 3 CCLLEY

(0' 4)OR LESS (90 PC CLI MOTT

(P3)/(P2)
67 HRC + 4/30 EVENTS
69 HSC +

R3
R3

Yt1{1690) INTO (Yf1(13851 PI)/(LAMBDA P I) (P4)/(P2)
(0 5)OR LFSS MOTT 69 HSC +

Yt1(1690) INTO (LAMBDA PI P!)/(LAMBDA PI) (P5)/ (P2)
0 5 0 ~ 25 CQLLEY 67 HBC + 15/30 EVENTS
2 ' 0 0 ' 6 BLiIIrENFEL 69 HRC + 31/15 EVENTS

~ ~ ~ ~ ~ ~ ~ ~ 4
0 72 0 ~ 53 AVERAGE (ERROR INCLUfiES SCALE FACTOR OF 2 3)

R4
R4
R4
R4
R4 AVG

R5
R5
R5

Yt1( {&90) INTO ( Yf1(1385) Pl) /((. AMBOA PI Pl) (P4)/(P5)
SMALL COLLEY 67 HBC +
LARGE 5 I rs 5 68 HBC

tft 44 44444 44 tf 4444444

ARMENTER 69 LUND CONF PAPER
RLUMENFE 69 PL 298 58
MOTT 69 PR 177 1966

ARMENTEROSr BAI LLONr + (CERN ~ HEIOELr SACLAY)
8 J BLUMENFELOr G R KALBFLEISCH (SNL) I
4A MMAR r DAV f 5 r KROPAC r +(NORTHWEST ~ ARGONNE ) I

PAPERS NOT REFERRED TO IN DATA CARDS

REFERENCES —Ytl (1690)

COLLEY 67 PL 248 489 (SRMGHMG GLASG ~ IMPCOLG MUNICHr OXFOROG RTHRFRD) I
DER R ICK 67 PRL 18 266 +FIELDS LQKEN ~ 44IMAR {OARGONNE NORTHWEST)

DERRICK 67 IS REPLACED BY MOTT 69 ~
PRIIIER 68 PRL 20 610 +GOLCBERGr JAEGERr BARNES ~ + (SYRACUSE ~ RN(. )
SIMS 68 PRL 21 1413 +ALSR IGHT + (FLOR ST ~ TUFTSr BRANDEIS) I

8/67
9/6 94

9/694

8/6 7
9/6 94

8/67
11/68

M

M

M

M

M N

N

N
M

M AVG
N

N

W

H

H

W N
W N
W

W AVG

1 765 ~ 0
1 755 ~ 0
1760 0
1746 0
1768 0
), 775.0

(1768» 0)
( 1765 ~ 0)

THESE TWQ

»»
1764 ' 6

STATIST I C

AVERAGED.

60.0
70» 0
70 ~ 0

110 0
146~ 0

(128 ' 0)
'(112 ' 0)
~ ~ ~ ~

104 ' 6

SE

0 K-0 1 51 BEV/C
0 K-P TO Y41520 PI

K-N TO Y41520 PI
0 K-P TQ Y41520 PI

K-Pr 0 TOTAL
0 K-N TO LAMBDA Pl
0 EL AST Ic r CH E XCI{
0 ELASTIC ~ CH EXCH
DIFcERENT WAYS'

SCAI. E FACTOR OF 1 ~ 4)
RF. LARGE ~ NOT

GALTIERI 63 OSC
ARMENTER 65 HBC
SELL I 66 OBC
FENSTFR 66 HRC
BVGG' 68 CNTR
SIGART 68 RVUF

) ARMENT-I 68 HBC
) CQNFORTQ 68 HBC

ESSENT I ALLY THE SAIIIE DATA IN

AVERAGE {ERROR INCLUDES
QUOTED, SYSTEMaT Ic ERROR caN

10~ 0
10~ 0
10~ 0

8 ~ 0
4 ' 0
7.0

(2 0
(3 0

ANALYZE
~ ~ ~ »

3 ~ 8
AL ERROR

45 Ytl(1765) WIDTH (MEV)

10 0 GAL T I F. R I
20 ~ 0 BELL 2
20» 0 F ENST ER

7 ~ 0 SUGG

9~ 0 5 IraRT
(8 ~ 0) ARMENT 1
{5~ 0) CONFO RTO

4 ~ ~ ~ ~

15~ 8 AVERAGE (ERROR,
(SEE IDEOGRAM BELOW )

E THE NOTES ACCOMPANYING THE

63 OBC 0
66 ORC
66 HBC 0
68 CNTR K-PrO TOTAL
h8 RVUE 0-
68 HSC 0 SEE NOTE N ABOVE
68 HRC 0 SEE NOTE N ABOVE

INC{.UDES SCALE FACTOR OF 3 ' 5)

MASSES QUOTEO

IJEIGHTED AVERAGE = 104.6 + 15.B
ERROR SCALED BY 3.5

7/66
7/66
9/66

11/66
7 /68

11/68
11/68

7/66
9/66
7/& 8
7/6 8

11/68
11/68

ARMENTER 68 NP BB 183
BARNES 69 BNL 13823

ARMENTEROSG BAILLCN ~ + (CERNrHEICELrSACLAY )
BARNFS ~ CHUNG ~ EISNERrFLAMINIO + (BNL+SYR)

4444 444444444 4444444 44 444444444 4444444 44 444444 444 44444 4444 4444444
44444 4 444444 tf 4 4444444 44 444 4444 44 444444444 444 444 444

57 Ytl( 1750r JP=1/2 ) I=l

( 7G ) GGE IIG NINI-RENIIG II THE GIGNI OF THE I~ IIGIINGI ~

THERE IS NQH EVIDENCE Ih THREE CHANNELS FOR AN 511 RE-
SONANCE NEAR THI 5 ENERGY» INTERPRETATION OF THE SIGMA
ETA THRESHOLD BUMP ON ITS QWN MERITS I 5 NOT CONCLUSI VE

(CLINE 67) —MORE DATA ARE NEEDED ~ BUT BY ANALOGY WITH THE SIMILAR
N ETA AND LAMBDA ETA THRESHOLD EFFECTS WHICH ARE ALMOST CERTAINLY RE
SONANCES ~ IT SEEMS VERY LIKFLY THAT THIS TQQ IS A RESONANCES SE THE
RAPPORTEUR TALKS OF FERRO (.VZZI 66 AND MEYER 67 FOR DISCUSSICNS ~

IN THE ENERGY-INDEPENDENT PARTIAL WAVE ANALYSf5 OF K- N TQ LAMBDA
PI ~ THE Sl1 AMPLITUDE APDEARS TQ RESONATE (ARMENTEROS 69) IN 1968 IT
APPEARED TQ RESONATE NEAR 1650 MEV (4RMENTERQS 68) ~ AND HAS LISTED
HERE IN 45 4 SEPARATE STATE ~ NOW IT HAS IrOVEO CLOSE ENOUGH TQ THE
CTHER EFFECTS TQ BE TENTATIVELY LISTED WITH THEM ~ BUT THE SIZE OF THE
CHANGE IN THE MASS SHOULD BE A HEALTHY 'WARNING THAT THE PARAMETERS
GIVEN FOR RESONANCES IN LOWER PARTIAL WAVES FROM SUCH ANALYSES ARE
SUBJECT TO LARGE

CHANGERS

.Sf{ART

.BUGG

FENSTER
.BELL 2'
GALTIERI

6B RVUE
6B CNTR

66 HBC
66 DBC
63 OBC

0 SP 100 150 200 250
YM1 (1765) {JIDTH f{EV

CHISQ
21.1
0.6
3.0
3.0

19.9
47.6

(CDNLEV
-"0.000)

THERE IS WEAKER EVIDENCE FOR THIS RESONANCE IN AN ENERGY DEPENDENT
PARTIAL-WAVE ANALYSIS OF ELASTIC 4NO CHARGE-EXCHANGE SCATTERING (CON
FCRTQ 69) ~ THE ERRORS GIVEN FOR THIS SHOULD NOT SE TAKEN SER IOUSLY ~

THEY ARE STATISTICAL ONLYG AND DCNT REFLECT THE LARGE SYSTEMAT IC
ERRORS THAT CAN RESULT FROM T'HE RESTR ICTIVE PARAMETER IZATION FORCED QN

THE PARTIAL HAVES»

57 Yel(1750) MASS (ME V)

NEAR SIGMA ETA THRESHOLD CLINE 67 DBC K-N TO SIGMA ETA
ABOUT 1750 ' 0 MEYER 67 RVVE

( I 730 ~ 0) ARMENTERQ 69 HDBC 0- K-N TQ LAMrP I E I
( 1764~ 0) (3~ 0) CONFORTQ 69 HBC 0 ELASTIC ~ CH EXCH

57 Yt1{1750) WIDTH (MEV)

9/6 &

9/6 94
9/694
9/6 94

Pl
DZ

43
P4
P5
P&
P?

Ytlt1765)
Yf lt 1765)
Ytl(17&5)
Ytl{17&5)
Yt I( 17&5 )
Ytl(1765)
Ytl( 1765)

45 Yf I {1765 ) PARTI AL DECAY rxQDES

INTO KBAR N

INTO LAMBDA Pl
INTO Yfo{1520) PI
INTO Y41( 1385) Pf
INTO SIGMA Pl
INTO SI GMA ETA
INTO SIGMA PI Pl

45 Y41{1765) BRANCHING RATIOS

DECAY MASSES
497+ 939

1115+ 134
1520+ 139
1385+ 1')9
1197+ 139
1197+ 548
119?t 139+ 139

Pl
P2
P3
P4

ASCOT 50
ABOUT 6Q TO 100
(8' 0) (4 ' 0)

MEYER 67 RVUE
ARMENTERO 69 HDBC 0
CONFORTQ 69 HBC 0

57 Ytl(1750) PARTIAL DECAY MCDES

Ytl{1750) INTO KBAR N

Ytl(1750) INTO SIGMA ETA
Yf1(1750) INTO LAMBDA P I
Yt 1 ( 1750) INTO SIGFMA Pl

57 YII 1(1750) BRANCHING RATIOS

DECAY MASSES
497+ 939

I 197+ 548
1115+ 134
1197+ 139 .

Rl
9/6 94
9/694
9/6 94

Rl
Rl
Rl
Rl
Rl

R2
R2
R2
R2

Y41 (1765 ) INTO
(0 ~ 6)
0 53

(0 ' 37)
N 0 ~ 45
N 0 ' 44

~ » ~ ~ ~

AVG 0 ' 4499
F IT 0.4531

(KBAR N)/TOTAL

0 ~ 09

(P 1) /TOT4L
GALTIERI 63 HBC 0 K-P RVUE
UHLIfr 6? HSC 0
RVGG 68 CNTR

Ytl (1765) I NTQ t LAMBDA P f ) 4 (KBAR N) /7 QTAL442
007 00). SieART 68 DBC

~ ~ 4 4 ~ ~ 4 ~ ~

FIT 040689 0 ~ 0073 V'ALUE FROIr CONSTRAINED FIT

0 01 ARMENT-1 68 HSC 0 SEE NOTE N ABOVE

403 CQNFORTO 68 HBC 0 SEE NOTE N ABOVE

0.0094 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
0 0091 VALUE FROM CONSTRAINED FIT

(P24 P1)/TQTA(. 442

9/66
11/66
11I68
11/&8

7/68

Ytl(1750) INTO (KBAR N)/TOTAL {P I) ITOTAL
0 ~ 13 0 ~ 05 CDNFORTQ 69 HSC 0 511 AMPLITUDE

Rl
Rl

R3
9/694 . R3

R3
R3

9/6 94
R3

Ytl(1750) INTO IKBAR N)4(SIGMA E7A)/TOTAL442 (PltP2)/TQTAL442
SEEN Clf NE 69 DBC»» THRESHOLD BUMP

Ytl(1750) INTO (KBAR N)4((AMBDA PI)/TOTAL442 (P14P3)/TOTAL442
ABOUT 0 ~ 0225 TO 0 040 ARMENTERQ 69 HOBC 0- Sl I AMPLITUDE

R2
R2

R3
R3 9/694 44

R4
R4
R4
R4
R4

tet f44 t444 tf 4'44 4tt4444f 4 4444 4 444 4 4f'tttf tf 4 44 4444 f44 44444'4444 44444 tt
REFERENCES —Ytl (1750)

66 BERKELEY CONF 183 M FERRO LUZZI (RAPPORTEUR) {CERN)
67 PL 258 CL INF. ~ OL5 SON &HISCONSIN) I JP
67 HEIOELBERG C 117 J 'MEYER (RAPPORTEUR) ( SACLAY ) I JP
68 NP 88 183 ARMENTEROSr 8AILLQNG + (CERNGHEIDELGSAClAY) f JP
69 LUND CONF PAPER ARMENTERQS SAILLON + (CERN ~ HE IOELG SACLAY) I JP
69 LUND CONF PAPER + HARMSEN ~ LASINSKlr + (CHICAGO ~ HEIOEL) IJP

ARMENTERQS 69 ANO CONFORTQ 69 NUM BERS ARE QUOTEO IN LE VI SETT I 69 ~

69 LUND CCNF R LEV I SETT I & RAPPORTEUR) (CHICAGO) I JP

FERRO-LU
CLINE
MEYER
ARMENTER
ARrrENTER
CONFORTO

LEV ISETT

R5
R5
R5
R5

R6
R6
R6
R6444444 444414444 ftftttttt teffttttt 444444444 tttfttftt tfftttttt 4444444

444444 tete fr 444 ttfftttft 444444444 ftttttttf 444444444 4444 44ftf tttfttt

Yfl(1765) INTO
0 F 075
0 12

~ 4» ~ ~
0» 084
0 ' 0673

AVG
F IT

Yt 1 (1765) INTO
0 ' 057
0 ' 105

4» 4 ~ ~

0 ~ 062
0 ~ 058

AVG
FIT

(Y40(1520) PI)t(KBAR N)/TOTAltt2
0 ' 015 ARMENTERO 65 HSC
0 ' 03 FFNST ER 66 HBC

0 ~ 018 AVERAGE {ERROR IN(LUOES
0 ' 0096 VALUE FROM CONSTRAINED

(Ytl(1385) PI )4(KR4R NI/TOTAL442
04013 ARMFNTE2 &7 HBC
04040 SIMS 68 OBC

0 ~ 014 AVERAGE (ERROR INCLUDES
0 010 VALVE FRCM CchSTRAINEO

Ytl(1765) INTO (SIGMA PI)f(KBAR NI/TOTAL 442
0 ' 005 0 ' 003 ARMENTERO 67 HSC

~ 4 » ~ ~ ~

FIT 0.0050 0 ' 0030 VALVE FROM CQNSTR4INEO

Ye'1(1765) INTO (LAMBDA Pi)/(KSAR N)
0.33 0 ' 05 UHL IG 67 HSC

~ ~ ~ ~ ~ ~ 4 ~ ~

F IT 0 ' 336 0 ' 036 VALUE FROM CONSTRAINED

(P54P I)/TQTAL442
D K-P TO SIGMA Pl

F IT

(P2) /(Pl)
0 K-PE ~ 9 GEV/C

FIT

8/67

9/66

(P 34P 1) /TOTALtf 2
DHYPERONS FIN ~ ST ~

OKRAR N F IN» ST ~

9/66
9I6&

SCALE FACTOR OF 1 3)
FIT

(P44 P 1 )/TDTAL442
K P TO LAM PI Pl 8/67
K-N TQ LAM ~ P I PI ll/&8

SCALE FACTOR OF lail
F IT

R7
R7
R7
R?

Yf1(1765) INTO (Y40(1520)/(KBAR N)
0 ' 28 0405 UHLIG 67 HSC

4 4 ~ ~ 4 4 4 ~ 4

FIT 0 ' 328 0 045 VALUE FROM CONSTRAINED

t P3) /( Pl)
0 K Pr ~ 9 GEV/C

F IT

9/6 8

See the illustrated key preceding the data card 'stings.
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BARYON RESONANCES
Data in parentheses have not been included in our ave~ages.

RB Yf 1 ( I 765 l INTO {Y«1 (1385)/( KBAR Nl {P4)/(Pl)
RB 0 ' 25 0 ' 09 UHLIG 67 HSC 0 K Pr ~ 9 GEV/C
RR ~ ~ \ ~ 0 ~ ~ ~ ~

RB FIT 0.285 0 051 VALUE FROM CONSTRAINED FIT

9/66

R9 Yi'1(17651 INTO &SIGMA PI PI)/I'OTAL (P7)/TOTAL
R9 P (0.12) ARMENT-2 68 HOBC 0- K N TO 5IG P I P I ll/68
R9 P FOR ABOUT 3/4 OF THIS ~ THE SIGMA PI 5YSTEM HAS 1=0 AND IS ALMOST
R9 P ENTIRELY Y'»0( 1 520) ~ FOR THE OTHER 1/4 ~ THE 5 I GMA P I HAS 14 1 ~ TH I 5
R9 P I 5 ABOUT WHAT IS EXPECTED FRO)s THE KhCWN RATE Yt 1 (1765 ) TO y«l ( 1385 I
R9 P PI ~ AS SEEN IN L44IBOA P I PI

&cittc«Partial Decay Mo&ic Branching Fractions
Bi &8&&nai elements are P16P.; 6P. = g( 6P6 P.) . Off-&i&agonal elements are corrcia-1 1 1 1 1
ti&&n coc(&icicnts = (6P.6P. ) /{6P. 6P.)~

J 1 J
P 2 P 3 ~ P P 5 P 6

1 ~ 453» ~ 009
P 2 —F 001 aL52+" ~ 016
P 3 - ~094 ~ 000 ~148»-a021

4 ~ 035 F 000 ~ 003 ~ 129+ o023
5 -~ 034 +000 ~ 003 F 001 ~ OLL+ F 007

P 6 —~ 277 - ~ 440 - ~ 5e7 -.e23 — 175 106+-~ 037

R2
R2
R2
R2

R3
R3
R3
R3

it»tet it»i«»tee fi et»»tft sett»»itt feei»tete

ARMENTER 67 PL 248 198
ARHENTEL 67 NP 83 592

REFERENCES —Vii& 1915)

ARIIENTEROS&FERRO LUZZI+ &CERN ~ HE I Cr SACLAY)
ARMENTEROS FCRRO LUlZI+ {CERN HEID SACLAY)

CONFORTO 68 EF I 68-67 NP TBP ~ 8 CCNFORTOr HARHSENsBURKHAROTt (EF (MS+HE ID)
SMART 68 PR L69 1330 W M SMART (LRL)
GALTIERI 69 LUND PAPER 90 4 BARBARO GALTIER I (L&&L)

PAPERS NOT REFFRREO TO IN DATA CARDS

SiiART 66 PRL 17 556 W M SHART A K ERNAN, G E KALMUS R P ELY {LRI.) I JP

ff if tet»i 1»ftttiit tttiitiif 111111»t
fete »i ieetiettf fftiie»tf tti »feet» ei fife ftt teiti«fei ifitittit te«eii et

Yf 1(1915) INTO (LAMBDA Pil e{KRAR N I/TOTAL»12 &P 1»P2)/TOTAL»»2
A & 0 ~ 006) ARHENTER1 67 HRC OK-P TO LA I.P I 11/67
4 LACK OF DATA PREVENTS AUTHORS FROM DETERMINING UNAMBIG THIS AHPL&'IU. 11/67

0 F 006 0 ' 003 SMART 68 RVUE -0 K-N TO LA4 ~ PI 7/68

Yt1(1915) INTO (SIGM4 PI )»&KBAR N)/TOTALt»2 (Pl»P3)/TOTAL»«2
A (0.00) (0.01) ARMENTERD 67 Hec K-p To sIG+-pl-+ Ll/e7
4 LACK OF DATA PREVENTS AUTHOPS FROM DETERMINING UNAMBIG THIS AHPL ITU 11/67

(0 ' 0004)OR LESS GAL TIER I 69 HBC K-P TO 5IG+-Pl-t 10/691

etttitff f tt»it»tet tttiff ite ttettt11» ittt 1tiee teittttf

I;ALT IERI
ARHENTER
BELL
BELL 2
FENSTER
ARHENTF. R

ARHENTE2
UHLIG

63 PL 6 296
65 PL 19 338
66 PRL 16 203
be UcRL-16936 THESI5
66 PRL 17 &41
67 PL 248 198
67 ZEIT ~ PHYS ~ 202 ~ 486
67 PR 155 1448

REFERENCES —Y«1(1765)

4 i)ARRARO-GALTIERI ~ 4 HUSSAIN ~ RD TRIPP (LRL) IJ
ARMENTEROS ~ + {CERN HEIDELRERG SACLAY)IJP
R 8 BELLr R W RIRGEr Y-L PANs R T PU (LRL) IJP
R 8 BELL {LRL ) I JP
+GELFANDIHARMSEN1L-SETT' + (CHIIARG(CERN))IJP
ARMENTEPOS ~ FERRC-LUZZI+ (CERNrHEID ~ SACLAY I)P
ARMENTEROS ~ FERRO-LUZZI+ (CERN, HEID ~ SACLAY)
+CHARLTON ~ CONCONIGLASSER YOOH + (MO ~ USNRL)

29 Yi( 1900) PRODUCTION EXPERIMENTS

THE QUANTUM NUMBERS OF THE EFFECT SEEN IN THESE EXPE
RIMENTS ARE NOT KNOWN'

29 Yt & 1900) MASS (MEV) PROD ~ EXP ~

i SOO MEV REGION — PRODUCTION JOKED cr TOT~ EXPERIMENTS

itt ~ 1~ tf 1«tttttfet et«tet tet»if»11 if fief ttt eittteift ftteftttt

ARMENT I 68 NP 88 195
ARMENT-2 68 NP RB 216
RUGG 68 PR 168 1466
CChlFOPTO 68 NP 88 265
SINS 68 PRL 21 1413
SMART 68 PR 169 1330

ARMENTEROS ~ BAILLON ~ t (CERN ~ HE I DEL ~ SACLAY) I JP
ARHFNTEROSr RAILLON ~ + (CERNIHEIDELr SACLAY) I
+G ILHORF. , KNIGHT CAVIES+ {8 IRM I ~ CAHB RUTH) I
+HARMSEN& LAS INSK Is + \CHICAGOIHE IOEL) I JP
SIMS&ALRRIGHT ~ BARTLEYIHEERt {FLO+TAFTS+SRA )
ii M SMART (LRL ) IJP

H

M

H

M

M AVG

( 1942 ~ 0)
1915' 0
1905 ' 0

42 1940+
0 ~ ~ t ~

1907 5

{9' 0)
20.0

5 ~ 0
20e

5 ' 8

BOCK 65 HBC PRAR P 5 ~ 7 BEV/C
COOL 66 CNTR 0- K-Pr 0 TOTAL 7/6h
BUGG 68 CNTR K-Pr 0 TOTAL 11/66
RARNFS 69 HRC + x-P 3.9,5. GEV/C 10/e9»

AVERAGE {ERROR INCLUDES SCALE FACTOR OF I 2)
effete»11 etftttif1 iitttef ft i»if»tiff tittief 11

~ tet»i ifiiittit eittittit etitifetf ifttititf tfiiitfif iitffftit fietetft

g(LB()O) &z z«&&«8&z JP &/2&& z &

SEE THE MINI-REVUE AT THE START OF THE Yt LISTINGS ~

+PARTIAL-WAVE ANALYSIS OF K N TO LAMBDA PI SUGGESTS
SUCH A RE5ONANCE BUT FURTHER EVIDENCE IS REQUIRED'

67 Yil {1880) MASS (MEV)

W

W

W

W

W

29 Ye{1900) WIDTH lMEV) PROD EXP

(36 ' 0) (20 ' 0)
l65 ~ 0)

60 ' 0 10~ 0
42 100' 30.

~ ~ ~ ~ ~ ~ ~ ~ ~
AVG 64 ~ 0 12 ~ 0

29 Ye{1900) BRANCHING RATIOS PROD ~ EXP ~

( 36 ~ 0) BOCK 65 HBC
COOL 66 CNTR 0 7/66
RUGG 68 CNTR 11/6 6
RARNES 69 HRC + K-P 3 915~ GEV/C 10/69»

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 3)

1882 0 - 40 0

67 Ytl(1880) WIDTH (HEV)

SMART 68 RVUE 0 K-N TO LAMBDA Pl 7/68
Rl
RL
Rl
Rl
RI,

Yel 1900) INTO (KBAR Nl /TOTAL
RAT105 CALCULATFO ASSU'&ING J=5/2

(0 ' 103) COOL
(0 ' 09) KYCIA
{0F 06) Bur, G

PROOUC EX P

66 CNTR ASSUM ING J45/2
67 CNTR TOTAL CROSS-SEC ~
68 CNTR ASSUMING J=5/2

7/66
8/6 7
6/68

222 ~ 0 150 0 SMART 68 RVUE 0

67 Ytl& 1880) PARTIAL DECAY HOOES

7/6 8
R2
R2

Yt(1900) INTO (K84R N)/(SIGMA Pl ) PRODUC ~ EXP ~

( ~ 37) OR LE55 BARNF. S 69 HBC t 1 STAN. DEV~ 10/6 9»

Pl
P2

Y»1(1880l INTO KRAR N

Y»1(1880) INTO LAMBDA Pl

DECAY HASSE5
497+ 939

11(5% 134

R3 Ye 1(1915) INTO (LAMBDA P I)/TOTAL PRODUC~ EXP'
R3 P 50 SEEN PRIME R 64 HRC + K P 4 6-5a GEV/C 7/68
R3 P SEE BARNES 69 BELOW - IT IS SAME EXPERIMENT WITH IMPROVED STAT L, 10/69»

RL
Rl

67 Yel(1880) BRANCHING RATIOS

Yil{ 1880) INTO &KBAR Nl t(LAMBDA PI)/TOTAL«12 {Pl»PZ)/TCTAL»»2
0 ' OL2 0 ~ 007 SMART 68 RVUE 0 7/68

i«tet»et fit»fit» 1 feei»fief «if»i ftit i»ttttt

R4
R4

Yt(1900) INTO {LAW+PI )/(SIGMA P & ) PROOUC ~ EXP ~

( ~ 2S) OR LESS BARNF 5 69 HRC + 1 STAN DEV

tf t itttff f'»1 tt ~tet if f it et« et f1 1f f f te»t

REFERENCES —Yf(1900)—PROD. EXPERIMENTS

10/69»

REFERENCES - Y»1(1880)

SMART 68 PR 169 1330 ii M S4ART (LRL)IJP

»tete ef etitiii f«it«et tt teeiet»ii iiii itis t it»is ettf fii»i fief
tie»et«tt fftieffit fit«iieet eeff»t»

BOCK
COOL
KYC I A

BUGG
PRI HER
BAR MES

65 PL 17 166
66 PRL 16 1228
67 PRIVATE COHM ~

68 PR 168 1466
68 PRL 20 610
69 PRL. 22 479

+COOPER ~ FRENCH& KINSON ~ + (CERN&SACLAY) I
+l IACOHELLI ~ KYCI A L EONT IC L I LUNORY, + & BN&. ) I
T F KYC I 4 (BNL) I
+GILMORE ~ KNIGHT ~ 04VIES+ (SIRMI ~ CAMS& RUTH) I
+GOLDBERG ~ JAE GER ~ BARNES ~ DORNAN + ( 5YR ~ RNL 1

+FLAHINIOIMONTANET ~ SAMIOS + (BNL+SYRA)

Z()915)
46 Ye((1915~ JP=5/2+) I=1 Ff
SEE T)E MINI-REVIEii AT START OF Yt LISTING

SOHE RESERVATION SHOULD BE HELD AGAINST COMPLETE
ACCEPTANCE OF THE INTERPRETATION OF THIS EFFECT

FORMATION EXPERIMENTS PRESENT' WEAK EVIDENCE FCR IT
PRODUCT ION EXPERIMENTS SEE 4 STATE AT THIS MASS OF
UNKNOWN QUANTUM NUMBERS- SEE LIST ING OF PROCUCT ION
EXPERIMENTS RELOW-

46 Yt1(1915) MASS (HEV)

tti fee ittfetfte feei«fife fee«if if« eitettiit i«tiff«i» if«feei»i «tif»fi»
END PRODUCTION EXPERIMENTSfettff tf i»iieet 1ttff tete «if i«fife ifftff iif et»fi»fee iittifett feei fit»tttfttttf etfetteif iieet»tfi iet ~ e»fie fettttftt efe»»»iit feei»fte

g(2O~O)
~ o =z/2 & & & Fs

SEE THE HINI-REVIFW AT START OF Yt liSTING.

'WOHL 66 SMART 68 ~ 4NO CAUM 68 F INO JP=T/2+ ~

PARTIAL WAVE ANALYSIS OF GALT IERI 69 IN 5 IGMA PI
CHANNEL REQUIRES TWO STATES AT SIMILAR HASS WITH
SA'&E Jr OPPOSITE P ~

1902~0 11~ 0 SMART 68 RVUE -0 K N TO LAH ~ Pl 7/68
47 Ytl(2030) HASS {MEV)

46 Yel(1915) WIDTH (MEV)

W A (50 ' 0) (20 ' 0) ARMENTERL 67 HBC OK P EL ~ +CHaEXCe ll/67
W 4 LACK OF DATA PREVENTS AUTHORS FROM DETERMINING UNAMRIG THIS AHPLI TU ll/67
W 52 ' 0 25 ' 0 SMART 68 RVUE -0 K-N TO LAHaP I 7/68

&2030 ' 0)
2032+0

{2020 )

(20 0)
6 ~ 0

WOHL

5 a&ART

GAl. TI ER I

66 HBC 0
68 RVUE
69 HRC

K-P TO LA)& P 10 7/66
K N TO LAM PI 6/68
5 IGPI PAR ~ WAVE A 10/69»

PL
P2
P3

46 Yi'L(1915) PARTIAL DECAY MODES

Ytl(1915) INTO KBAR N
Yi I{1915) INTO LAMBDA PI
Yi'1{1915) INTO SIGMA PI

DECAY MASSES
497+ 939

1115+ 139
1197+ 139

W

W

W

47 Yil (2030) WIDTH (HEY)

(170 0)
160' 0 Le+0
(80 ~ )

WOHL

SMART
GALTIERI

ee HRC 0
68 RVUE
69 HBC

47 Y«1(20301 PARTIAL DECAY MODES

7/66
INCLUDES WOHL 66 6/68
SIGPI PAR ~ WAVE A 10/69»

46 Yt L ( 1915) BRANCHING &t AT IOS
Pl Ytl(2030l INTO KRAR N

(Pl)/TOTAL P2 Yil(2030) INTO LAMBDA PI
K-P EL ~ +CH ~ EXC ~ 1 1/67 Yi 1( 2030) INTO SIGMA PI

BIG THIS AHPLI TU 11/67 P4 Yel&2030) INTO XI K

47 Yt 1 {2030) BRANCHING

Rl Yt I{2030) INTO (KSAR N)/TOTAL
Rl (0 ' 25) WOHI.

See the illustrated i&ey Preceding the data card t'stings.

Rl Yi L(1915) INTO (KBAR N)/TOTAL
1 A {0~12) ( F 01] ARMENTERL 67 HBC 0

Rl 4 LACK OF DATA PREVENTS AUTHORS FROM OETEI&MINING UNAM

Rl C (0 10) {0 01) CCNFORTC 68 HBC 0 K-P ELASTIC 11/68
RL C FIT TO K P ELAS ~ DIFFER ~ CROSS SECTIONS {PART OF DATA INCLUDED IN
Rl C ARMENTEROS 68 WHICH FIT LEGEN ~ POLYN ~ COEFFICENTSl

RAT I 05

DECAY MASSES
497+ 939

1115». 134
1197+ 139
1321+ 497

{PL)/TO7AL
66HBC 0 K PCHEX 7/6 6
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BARYON RESONANCES

R3
R3

Yfl{Z030) INTO ISLG Pl )0(KSAR N) /TOTAL102
I 0041) GALTI ERI 69 HSC

(P20P 1 ) /TOTAL 0'12
SIGPI PAR»MAVE 4

Data is Paresthescs Itavc

RZ Yfl{20301 INTO tLAMBOA Pl)0 {KBltt N)/TOTAL102 (F210 IPI)/TOTAL002
R2 {0%040) i(OHL 66 HSC K P TO LAH Pl 0
R2 0%045 09004 SIGART 68 RVUC INCLUDES WOHL

sot bees iscluded is ot(r averages.
1 48 Ytlt 2250) PARTIAL OFCAY MODES

'7/66

Pl Yel{22501 INTO KBAR N

PZ Yel(22501 INTO KRIR N PI
P3 Yell 2250) Ir{TO SIGMA PI
PC Y0L(2250) INTO LAMBDA PI

CECAY MASSES
497+ 939
497+ 939+ 139

1197+ 139
1115+ 134

Yf 1(2030) INTO {XI K) ~ (KBAR N)/TCTAL012 I F410{P 1) /TOTAL002
a4 (0%0025) OR LESS TRIPP 67 RVUE 8/67
RC I 0025) Oa LE SS BURGUN 68 HSC 0 K-P TO Xl-K {8) 10/690

1110111fe0 feetfeet ttfeettf 1 00 ~1~ 1000 0110~00'00 tftfttf ~

REFERENCES - ' Yfll2030)

RL

RL

48 Yfl{2250) BRANCHIMG RATIOS

Y0L(22501 INTO (KBAR M)/TOTAL ( P 11/TOT AL
J IS NOT KNOWN FOLLOWING 15 I J+I/2) 0(KBAR N) /TOTAL

0 31 0%02 KYCIA 6T CNTR
(0 ' 47) RUGG 68 CN'IR

8/67
6/68

WCHL
TRIPP
BURGUN
OAUM

SMART
04LT IERI

66 PRL 1'7 107
67 NP 83 10
68 HP SS 447
68 NP 87 19
68 PR 169 1336
69 LUND PAPER 90

C G NOHL ~ F T SCLHITZ ~ H l STEVENSON (LAL) I JP
+ LE 1TH ~ + (LRL ~ 'SLAG ~ CERNGHEIDEL ~ SACLAY)
+HEYERGPAULHIG TALLINI + ' (SACL+COFeRHEL)
+ERNE ~ L4GN'AUX ~ SEHS ~ STEUER e UDO (CERN) JP
M It SMART {LRL ) I JIE
4 SARSARO G4LTIERI (LRL) I JP

RZ
RZ

Yel(2250) INTO (KSAA N)/tSIG Pl)
I %18) OA CE SS BARNES

(PL)/{P3)
69 HBC + I ST» DEVIAT ~ 10/691

R3
43

Yf LI22501 INTO (Ll'{BDA Pl)I {SIG Pl ) (P4)/{P3)
( MLS) OA LESS BARNES 69 HBC + 1 ST~ OEVIAT 10/690

000ett ~efetffff .tffffetf1 ffeffffff ffefftfef 1000'tfttf 000000101 et etttft
1~1010 110010'000 111000et 1 f eee'ee ~ tt etef 10011 'tetfetff 0 000010010 01101010

efteetetf 00000 ~ efe 1~eeffee0 ~etfef tee t11000110 effete tff efttfeef PEFE'RENCES —Yel (22501

Z(3130)

(2130% )

V SEE

26

Ve)(2130e JP»7/2- I I I Gf "I

Ti'E HINI REVIEW AT START OF Yf L I STING

YfL(2130) MASS (MEV)

GALTI ERI 69 HBC . SIGPI PAR ~ NAVE 4 10/691

BLAHP IFD
SOCK
COOL

KYC IA
SUGG
BARNE5

65 Pal 14 741 +GREENBEAGeHUGHES ~ KITCHtNG ~ + (YALE{CEA) I
65 PL 17 166 +COOPERS FRENCHEK IHSON ~ e (CERNG SACLAY)
66 PRL Lb 1228 eGIACOHELLI ~ KYCIA ~ LEOHTIC ~ LIGLUNDBYee ISNL1 I

SLIGHTLY REVISED RESULTS FROM KYC IA 67 REPLACE COOL 66
67 PRIVATE COMM ~ 7 F KYC IA I SNL) I
68 PR 168 LC66 +Gl LMORE KNIGHT ~ + (RTHFO ~ BRMGHH ~ CVNDSH)
69 PRL 22 479 +FlAMINIO ~ eGONYANETE SAHIOS + (BNL+SYRA)

PAPER NOT REFERRED TO IH 04TA CARDS».

{135%)

26 Yf LI2130) NIDTH, (HEV)

GALTIERI O'I HBC SIGPI PAR ~ MAVE 4 10/690
DAUBER 66 PL 23 154 +SCHLF INE SLAYER ~ STORK ~ T ICHO lUCLA(LRL) ) J

SUGGESTS J 9/2 RESONANT BEHAVIOR IN SIGMA- Pl+ ~ BUT APPEARS
INCONSISTENT WITH PARAMETERS OF COOL 66 ~

P1
'P2

26 Yf lt 21301 PA)tTIAL DECAY RATF S

Yet{ 2130) INTO KBAR N

Yel(2130) INTO SIGHA PI

26 YeLl 21301 BRANCHING RATIOS

DECAY HASSES
497+ 939

1L97e 139

111~ et 1~ eetf tet 100000010 0010~1000 100100001 000000010 00000000 ~ eteeetet
00eeet tf0 ftf 000010 100010000 010000101 0tf 000110 101000010

53 Yf 1{2455 e JPAS ) I ~L

Z(23455} SEE THE NINI REYIEII AT START NP 9~ LISTING
RL
RL

Ye 1(2130) INTO I 5IG PI ) e(KBAR k) ITCTAL012 (&20PL )/TOTAL002
{»0225) GALTI ERI 69 HSC 51GPI PAR ~ NAVE 4 10/690

eetfff 011011000 1000101te fteeftfet eftete ftf eftffeffe fftfettff feetfeet

AEFERENCES Ytll21301

GAt. TIERI 69 LUND PAPER 90 4 BARBARO GALTIERI (LRL ) I JIG

000001 fttftefft 00 ~000000 fffftftft 00110011t tfffftfte 000000000 111tffft

teettetf ~00000000000000 ftffeet ~fffftfttftfteetffeefefettfeftfte ~ttffftftfff
ffffff ~effftfffffjtt00110101110f110111010000ft00100101111etttftefffteftttte

SLID MEV RECTION — PRODUCTiON AND 4FTOT~ EXMRIQENTS

ONE OF TNO NEW SHALL SLEEPS IH THE I=1 TOTAL CROSS
SECTION (SEE THE Y1L{2595)1~ IT I 5 REASONABLE TO
INTEI{PRET THEM AS RESONANCES ~ THOUGH THAT 15 NOT

CERTAIN ~ THERE 15 ALSO LESSFR EVIDENCE FOR HE)I STRUCTURE IN THE 1=0
CROSS SECTION SEE ABRAMS 67 ~

THERE 15 ALSO SOME SLIGHT EVIDENCE FOR Y ~ STATES IN
THIS 'HASS REGION FROM THE REACTION GAMMA + P TO K+ e MISSING MASS
SEE GREENBERG 68

53 Yel(ZC55) HASS (eeEV)

H 2455 ~ 0 10%0 ASRAHS 67 CNTR K P ~ 0 TOTAL Ll/67
M 2455%0 7%0 BUGG 68 CNTR K P 0 TOTA{. 6/68
H ~ ~ ~ ~ ~ % % ~ ~

M AVG 2455 ~ 0 5 ~ 7 AVERAGE (ERROR INCLUDES SC4LE FACTOR CF 1%0)

5 3 Ye 1 ( 2455 ) MIDT H t IIE V )

28' Yf l(2000) PRODUC ~ EXPER ~

THE SUMP SEEM AT THIS MASS IN TOTAL CROSS SECTION EXPE ~
CONTAINS BOTH THE GDT AHD F07 STATES ABOVE~

28 Ytl t 2000) MASS t ME V) PROD. EXP. ——-——--—-
PL

{140~ 01 APPROXIMATELY ABRAHS 67 CNIR
100%0 20 0 BUGG 68 CNTR

53 Yf1(24551 PARTIAL DECAY MODES

Y0L(24551 {NTO KBAR N

DECAY MASSES
497+ 939

11/67
6/68

Il
el

II lVG

l2022%0) l20 ~ 0)
2026%0 19~ 0
2020%0 7 ' 0
~ ~ ~ ~ ~ ~ ~ ~ ~
2020%7 6,6

28 Ytl(20001 NIDTH IMEV) I'ROD ~ EXP ~

BlANP LED 65 CHTR 0 GAMHl P TO K+ Yt
KYCll d7 CN7R K Pe 0 TOTAL 8/67
BUGG 68 CNTA K-Pe C TOTAL b/68

AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ 01

53 Ytl(2455) BRANCHING RATIOS

RL Yf1{2455) INTO {KSAR N)/TOTAL (PL)/TOTAL
J 15 NOY KNONN» fOLLOWING IS (J+1/2)0(KBAR N)/TOTAL

RL (0' 26) ASRAHS 67 CNTR
RL (0%31 BUGG 68 CHTR

11/67
6/68

N

N

N

N AVG

I 120%0) l20 ~ 0)
120%0 10 ~ 0
L30 ~ 0 10~ 0

~ ~ % % ~ ~ ~ 9 ~

125%0 7

28 Y11I2000) SI{ANCHING RATIOS PROD ~ EXP»

SLANPIEO 65 CNTR 0
KYCll 67 CHYR
SUGG 68 CNTR

AVERAGE {ERROR INCLUDES SCALE FACTOR OF I ~ 0)

8/67
6/68

ASAAMS 67 PRL 19 678
IIUGG 68 PR 168 1466
GREEHBER 68 PRI. 20 221

et f0eetet 110000100 100011tet tftttfef
REFERENCE 5 Yel I 24551

+COOL EGI ACOME ill ~ KYCI A ~ LEONY IC 9 L I e + I SHl 1
+GI LMORE ~ KNIGHT e + (RTHFO EEIRMGHM ~ CVHDSH)
GREENBERGE HUGHESG LU ~ E(IHEHARTE + I YALE)

Ill
RL

0% 105
IC ~ L3L)

0 ~ 005 KYC I A

SUGG
67 CNTR
68 CNTR

8/67
C /68

~ 00010 001010011 100ef ef te ettff 0111 eetttf 10 ~ teetef tft 11et tf 0et 1~et tete
et1ttf 100000110 ff t111000 0 tfeef'011 000010000 011100000 tf 0010000 ~ et10001

te ~ 101 fefftftff 01010101f teeffftff 11~010101 te001110~ ffttefft ~

REFERENCES —Yf 1(2000) PROD» EXPERIMENTS
$($5Q5) 29 Y ~ LI2595 JP I ! I

SEE NC'TE UNDER THE Yf1 {2455)~

SLANPIED 65 PRL 14 741
COOL 66 PRL 16 1228

SllGHTL. Y REVI SEC
KYCIA 67 PRIVATE COMM ~
BUGG 68'PR 16S 1466

+GI{EEHBERG ~ HUGHES ~ KIYCHINGGLUG+ I YALE'I CEA) )
+Gl ACOHELLI GK YCI AGLEOHT (Cell eLUNOSYe+ t BHL) I

RESULTS FROM KYC IA 67 REPLACE COOL 66
T F KYCI A (BNL 1 I
+GILMOPE ~ KNLGHT ~ + (RYHFDGBRMGHMeCVNOSH1 I

54 Ytt(259{) HASS (MEV)

H 2595~ 0 10~ 0 ABRAMS 67 CNTR K Pe C TCTAL 11/67

54 Yt'll 2595) WIDTH (PEV)
110111 ~ 10000000 100001~ ef f0efftf0 0 000110100 101000000 ffett0101 tfftff1 ~
000000 ftftfffft ft0100101 00110100t 110101000 010011100 ffftftttf 1tttfftf {140 ~ 0) APPROXIM4TELY ASAA"IS 67 CNTR

54 Yf1(2595) PARTIAL DECAY HODES

I 1/67

Z(aa5O)
CB Yf L(Z250 ~ JPe ) I ~ 1

SEE THE HINI-REVlElt IT START OF Yf LISTING Pl 'Velt 2595) INTO KBAR N

DECAY MASSES
497+ 9')9

t 2245% 0)
I?299' 01
2252 ' 0
2250 ' 0

42 2280 '
~ ~ ~ ~

AVG 2252%9

GAMMA P TO K+ Yf
PBAR F' 5 7 BEV/C
K P ~ 0 TOTlL
K PE 0 TOTAL

e K-P 3%9e5 ~ GEV/C

8/67 '

6/6 8
10/690

48 Yf1(2250) WIDTH (MEV)

48 Yf1(2250) ee455 I HEY)
BLANII IEO (25 CNTR

(6 0) BOCK 65 HSC
LOGIC KYCIA 67 CNTR

7 ~ 0 SUGG 68 CNTR
20 ' SARHES 69 HSC

~ ~ ~ ~ ~
5 ~ 5 AVERAGE (ERROR INCLUDES SCllE 'FACTOR OF 1 ~ 0)

5C Ytl(2595) BRAHCHING RATIOS

Rl Y01(25951 INTO (KBAR N)/TOTAL IP I ) /TOTAL
J IS NOT KNOMN» FOLLOWING IS t J+1/2)e(KSAS N)/TOTAL

RL (0' Zd) ABRAMS 67 CNYR

efeteleft ettftttef tfttfetef ftttffffe 01eeteetf feefeeff

REFERENCES Yfl(2595)

ABRAHS 67 IERL 19 678 +COOL ~ GIACOMELLI KYCIA ~ LEONTICelle + (SNL)

I I /6 7

M

M

II
iI
M

(150%0)
( 21~ 0)
200% 0
230 ~ 0

42 I 20%
~ ~ » ~

A V{e 197e 7

I 17901
20 ' 0
20 ' 0
30 '

~ ~ ~ % ~
27%4

(21~ 0)

AVERAGE (EAACA LNCLUCE$ $CALE FACTOR OF 2,2)

BLAHPIEO 65 CNTR
BOCK 65 HSC
KYC Il d7 CNTR 8/67
'AUGG 68 CNTR 6/68
BAANE 5 69 HBC + K-P 3%9 ~ 5 ~ GEV/C 10/690

111~ 01 tf etfeeef 000101eet 01011~ ~ tf ~ffffettf 1teeeetf 1 ftfetf tee tettetf 0
10011 teef etf 01 1000te101 tf 000 0 ~ 0~ t11000tf f 00'eef f 000 0ttf 101et tf tf 0000

See the ittustreted key Precedin8 the dete card tistinBI,
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Data in parentheses have not been included in our averages.

BARYON RESONANCES

59 Y41(30002 JP= ) 1«1

Z(3000) SNNIINCININT
SPECTRA AND

AGAfNST KO ~

~ TABLE

'59 Yf I( 3000)

IN LAMAOA Pl AND KBAR N INVARIANT MASS
[N MISSING MASS OF NEUTRALS RECOILING

EVIDENCE hOT CONCLUSIVE ~ OMITTED FROM
'I

/

MASS t MEV )

5 I XI41/2(17C0« JP~ ) I =I/2

11 THIS RESONANCE IS NO LohGER T)'OUGHT TO EXIST

~5[ X )el/2(1700) MASS (MEV)

( 1705 ~ 0 ) APPROX SMITH 65 HBC 0- K-P 2 ~ 1 ~ 7 BEV/C

51 X If[/2t 1700) WIDTH (MEV)

M (3000 ' 0) EHRL I CH 66 HBC 0 P I-P 7 ~ 91 BEV/C 9/66 (20 0) APPROX SMITH 65 HBC 0-

Pl
P2

59 Ytl(3000) PARTIAL DECAY MODES

Yelt 3000) INTO KBAR N

Ye[(3000) INTO LAMBDA Pl

DECAY MASSES
rr974 939

1115& 139
Pl
P2

51 X le 1/2(1700) PARTIAL DECAY MODES

X I 41/2( 1700) INTO XI PI
Xl4 I/2(1700) INTO LAMBDA KRAR

DECAY MASSES
1321+ 139
1115+ 697

444444444 tteefeeef tf4444 ife 444444444 44ff tfeff 44ffef44 444 444444 444 44444444 4 444444444 tf 4 4 et 4f 4 f444 et 444 4 4 4 4 4 tef f 4 fetff et

EHRL ICH 66 PR 152 [I94

REFERENCES - Yfl(3000)

R EHRLICH ~ W SELOVE ~ H YUTA (PENN(BNL )) I SMITH

REFERENCES - XI41/2(1700)

65 ATHENS CONF 251 G A SMITHy J S LINOSFY

ttet44 ffttet444 ttff f4 444 4 4444f 4 44 444444444 tiff 4 tiff 444 4 44444 44444444
4444tt 444444444 ei tteeett 444i'ef 444 444444 tei 44444444 4 t44f et 444 i fetf 444

tffeftfef 444444444 ffttftett 444ttftet tett44444 444444 F 44 44444444
4444ii 4444ieeii iteeifete iitiiffei 44444iief 444444444 eefii4444

22 XI ( 1321 r JP=l/2 ) I =I/2

SEE LIST IN(iS OF STABLE PART ICLFS
8/ZO)

50 II ~ I/233520 JP= I I I/2
~(L 50 X[41/2t 1820) MASS ()'EV)

wg 23 XI 0 . ([314y JP=I/2 ) [221/2

SEE LISTINGS OF STABLE PARTICLES

44f 444444444 444444 f44 444444444 444444444 teftffttt 44ftefft
4tf 4 ff tte f4 4 444 4 f4 4444tf ff4 4 4 4444444 4 4 4 tfet 4 4 tttf 4 ff44 4 tf4 f 4 4f

M

M

M

M

M

M

M AVG

(1770.0)
1817~ 0
1814~ 0
1830 0
1801~ 0
~ ~ ~ ~

1815 5

7 ~ 0
4 ' 0

10 0
13~ 0

~ ~ ~ ~

3«5

HALSTEINS 63 F BC
SMITH I 6'5 HRC
BAD I ER 65 HBC
AL I TT I 69 HBC
APSELL 69 HRC

0- K-FR 3 ' 5 BEV/C
0- K P 2 ' yr- ~ 7 BEV/C
0 K-P 3 BEV/C

K-P 3 ~ 9-5 BEV/C
0 K-P 2 ~ 87 GEV/C

e
AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 I)

9/6 94'
9/6 9i'

rr9 X f4 I /2(1530y

P (153O) THls Is T/IP. 0NLY

JP~3/2+) [=1/2 P f 3
HELL UNDERSTOOD

Kleig

49 X)i'1/2( 1530) MASS ( MEV)

444441444 444444444 444444444 444444444 444444444 4444444ff 444444te
ti ti i 4 tf 4 44 f tet tee 4 ti'44 i'i'i'4 444444444 i 4tti 4444 4444tii 44 i fete tet

W

W

W

W

W

AVG

(80' 0)
12 ~ 0
30«0
55 «0
78 ~ 0

17«6

50 X fe I/2( 1820) WIDTH (MEV)

OR LESS
4 ' 0
7 ~ 0

250 ' 0 20 ' 0
33 ~ 0

HALSTEINS 63 FBC
BAO I ER 65 HRC
SMITH 2 65 HBC
AL I TT I 69 HBC
APSELL 69 HBC

0-
0
0

7 ' 7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 3)

9/6 94
9/6 94

M

M-
MO

0
0 R

0 R

D

0
0 AVG

'W

'W

W AVG

Pl

(1529«0)
( 1532 0)

1535' 7
1'528 7

[5 0)
(2 0)

3 ~ 2
I 1

PJERRCU 62 HBC
BAD IER 64 HBC
LONDON 66 HBC
LONOOh 66 HBC

0- K-P I ~ 8 BEV/C
0 K-P 3 BEVIC

K-P 2 ~ Zrr BEV/C
0

rr9 XIe(-)-X ltt0) MASS DIFFERENCE (MEV)

. 5 ~ 7
(7 ' 0)

REDUNDANT
2 ~ 0

rr ~ 0

3 ~ 0 P JE RR CU 6'5 HBC
t 2'2 0) LONDON 66 HBC

WITH DATA IN MASS Lf ST ING«
3« 2 MERRILL 66 HBC

~ e o ~

2 ~ 2 AVERAGE (ERROR INCLUDES

0- K-P 1.8-1«95 8/C
0-

«0- K-P I ~ 7-2«7 BE/C

SCALE FACTOR OF I 0)
rr9 '

X I 4 I/2( 1530) H [ OTH ( MEV)

7 ' 0
8 ' 5
7 ' 0

~ e ~ e e
7 ~ 3

2 ~ 0
3 ~ 5
7«0

~ e e ~

1 ~ 7

yr9 Xlf I/2(1530) PARTIAL DECAY MODES

X[41/2(1530) INTO XI PI
DECAY MASSES

1321+ 139

SCHLE IN 63 HBC 0 K-P I 8-1 95 8/C
LONDON 66 HBC 0
BERGE 66 HRC 0 K-P 1 ~ 5-1 ~ 7 BE/C

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1eO)

7/66
7/66 P 1

PZ
P3
Ply

7/66
7/66

7/66
Rl
Rl
Rl
R),

R2
7/(6 R2
7/66

R3
R3
R3

R/r

Rrr
R4

50 XI41/2(1820) PARTIAL DECAY MODES

)([41/2(1820) INTO (LAr(BDA KBAR)/TOTAL
LARGE BAD IER 65 HBC
L ARGE Sty I TH 2 65 HRC

0 ~ 3 0 ~ 15 ALITTI 69 HBC

(Pl)/TOTAL

X[41/2(1820) INTO (XI Pf ) /TOTAL
0 ~ I 0 ~ 1 ALITTI

( P2 ) /TO TAL
69 HBC

Xlel/2(1820) I NTO (5IG)yA KBAR) /TOTAL (P3)/TOTAL
(0 ' 02) OR LESS TRIPP 67 RVUE

0 ' 3 0 ' 15 ALITTI 69 HBC

X[i'I/2[ 1820) INTO ( Xf i' I/2( 1530) PI ) /TOTAL
0 ~ 3 0 ~ 15 AL[ TTI 69 HBC

(0 25) OR LESS DAUBER 69 HBC

(Pry)/TOTAL

K-P 2 7 BEV/C

DECAY MASSES
X[4 I/2( 1820) INTA LAMBDA KBAR 1115+ /r97
XI 4 I/2( 1820) INTO XI PI 1321+ 139
X[fI/2( 18ZO) INTO 5[Gr(A K BAR I 197+ /597
X[4 1/2t 1820) INTO X[41/2(1530) P I 1530+ 139
Xlf(1820) INTO XI P I PI t XI Pl NOT X [4(1530)) 13?1+ 139+ 139

50 ~ X I i' I/2 ( I 820) BRANCH I NG RATIOS

7/66
7/66
9/6 9i'

9/694

8/6 7
9/6 9t

9/694
9/694

OTHER STRONG DECAYS ARE FORBIDDEN BY ENERGY CONSERVATION ~

iiii f4 4444i4iit eiitff4 it itfif fete 44444teff ei ifti 444 fftiiiiet
R5
R5
R5

Xli'I/2(1820) INTO I XI PI]/(LAMBDA KBAR) (P2)/(PI)
0«20 0 ~ ?0 BAD IER 65 HBC

SMALL SMf TH 2 65 HBC IF X I 41933 EXIST
TI6 6
7/66

PJERRCU
SCHLE IN
BAD IER
PJERR CU
LONDON
RERGE
MERRILL
SHAFFR

REFERENCES —Xlel/2f 1530)

62 PRL 9 Ifyr' +PROWSEr SCHLE INr SLATERr STORK r T ICHO (UCLA) I
63 PRL 11 167 +CARMONY PJERROU ~ SLATER STORK 7 ICHO (UCLA)IJP
64 OUBNA I 593 +OEMOUL IN GOLDBERG + (EP, SACLAY, AMSTR)
65 PRL [4 275 +SCHLE IN ~ SLAT ERr SMITH ~ STORK ~ T ICHO (UCLA)
66 PR [63 1034 +RAUy SAM IOSr Y AMAMOTOSGOLDBERGr+ ( BNLr SYCR ) I J
66 PR 12'27 9rr5 +EBERHARD ~ HUBBARD MERRILL 8-SHAFER + (LRL ) I
66 UCRL-I brr55 THE 5 [ 5 0 W MERR I LL (LRL ) JP
66 PR I/r 2 883 BUTTON-SHAFER ~ LINOSEY ~ MURRAY r SMITH ( LRL ) JP

A SPIN-PARITY DETERMINATION«

Rb
R6
Rb

tt7
R7
R7

Xltf /2(1820) INTO ( Xl4 (1530) P I ) /(LA)r KBAR) (P4)/ (Pl)
0 ' 26 0 ' 13 SMfTH I 65 HRC

SMALL BAD IER 65 HBC

Xltl/2(1820) INTO [Xf PI Pl)/(LAMBDA KBAR) (P5)/(PI)
(0 1) CR MORE SMfTH 1 65 HBC
SMALL BADIER 65 HRC

etefiefef 44 ie4tff 4 444 fi e44i ii 44ttef 4 tf feet f44 eef4 ettei 4 ttteefe
REFERENCES —X le 1/2( 1820)

7/be

7/6 6

~/q"(1630) 23 III ~ I/2/3530, JP= I I I/2

~ 21 XI 4 I/2( 1630)

1628' 0 5 ' 0
PROBABLY SEEN

MASS t MEV)

APSELL 69 HBC 0 K-P 2 ~ 87 GEV/C
BARTSCH 69 HBC K-P 10 GEV/C

21 X [el/2(1630) WIDTH (MEV)

44444 4 f tt i effete et etf4 t4f tf ty 4444 t4t 44 4tet i et 4444444ei ~ ittf fte
44tf 4 4 444444 444 444444444 '4444 tete 4 4 f4444 444 4 4 4444 444 4'44 4 44444

9/694
10/694

HAL 5TE IN
SMITH 1
BAD I ER
SMITH 2
TRIPP

MERRILL

ALI TT I
DAUBER
APSELL

69 PRL 22 79
69 PR 179 1262
69 PRL 23 884

+BARNE5 ~ FLA MI NI C ~ MET ZGER ~ + ( BNL 2 SYRACUSE ) I
yBERGE ~ HUBBARD ~ ryERR ILL 5 MULLER ( LRt. )
+ ( BRANOE I 5y, MARYLAND ~ SYRACUSE ~ TUFTS)

63 SIENA CONF 173 HALSTE INSLID + (BERGEN CERN EP ~ RTHF ~ UN[COL)
65 PRL lil 25 +L I NOSEY BUTT ON SHAFER MURRAY (LRL ) I JP
65 PL 16 171 +DEMOULIN GOLOBFRG + (EP SACLAY AMSTR )
65 ATHENS CONF 251 G A SMITH ~ J 5 LINDSEY (LRL)
67 NP 83 10 + LE ITHr + (LRL ySLACrCERNy HEIOELSSACLAY)

USES DATA OF SMITH 1
68 PR 167 1202 0 W MFPR ILLr J BUTTON-SHAFER (LRL)

WEAK EVIDENCE CChCERNING JP

15~ 0 5 0 APSEt. t. 69 HBC 0 444444 tttieiet 4 i44444itt 444444444 ffiftttff 4ffiet ti4 ifteiefei fiiefttt
4444444ff 444444444 444444444 444444444 eefef44te

21 X 141/2(1630) PARTIAL DECAY MODES

X I

el�/2(1630)

I(I,TO Xl P I
DECAY MASSES

1321+ 139
52 X[41/2( 1930r JP= ) I "I/2

52 XI 41/2(1930) yyASS (trEV)
4t444 4i tf 44444 ei 4ei eti 4 4 iii 4tf 44 fee444444 4 4 t44i 444 4 if 4 fei 4 4

APSELL 69 PRL 23 88rr
BARTSCH 69 PL 288 639

REF ERE NCE S X I 4 I/2 ( 1630 )

+ t BRANDE IS 5 MARYLANDS SYRACUSE ~ TUFTS ) I'+ ( AACHEN ~ BERLI N ~ CERN ~ LONDCN ~ V IENNA )

M.
M

M

M AVG

35 1933 0
19 1930' 0
66 189/2 ~ 0

1962 0
o ~ ~ ~

19325 ~ /S

16' 0
20 0
18.0
I rr 0

~ ~ e ~ ~
I /5 3

BAD IER
ALITT I
DAUBER
APSELL

65 HBC 0 K P 3 BEV/C
68 HRC 0 K P 4 ~ 6 5 BEV/C ll/68
r39 HBC — K-P 2 7 BEV/C I 1 /68
69 HBC 0 K-P 2e87 GEV/C 9/694

AVERAGE (ERROR fNCLUOES SCALE FACTOR OF I 7)eftf4 4 t444f ft44 t44444f ff ftf ~fi ef 4 4 ttttf ttt 44444ef tf ttttf tf 44 4 4tf 4 44if tf ttffe 44 4444444 44f effect etfffti et i 4fetefi i tttf ti fii iffy tet

See the illustrated kcy preceding the data card listings.
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BARYON RESONANCES
Data in parentheses have not been included in our averages.

W

W

W

W

W

W AVG

35 140 ' 0
19 80 ' 0
66 98 ~ 0

147 ~ 0

108 ' 7

52 Xf»1/2(f930) WIDTH &MEV)

35 ~ 0
40 ~ 0
23 ' 0
5560

BAD IER 65 HBC 0
ALITTI 68 HBC 0
DAUBER 69 HBC
APSEL L 69 HBC 0

16' 5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

11/6 8
11/e8
9/69 1

22 Xl»1/2&22500 JPa )

=-(paso)

XI» {2250) MASS (MEV)

THE EVIDENCE FOR THIS RESCNANCE IS WEAK ~ IT IS SEEN
AS A SUMP OF NOT MUCH STATISTICAL SIGNIFICANCE IN
{LAMBDA KSAR P I) ~ & SIGMA KBAR Pl l 0 AND t X I PI P( I IN-

VARIANT MASS OLSTRISUTIONSs

Pl
P2

52 XI»i/2(1930) PARTIAL DECAY MODES

Xl»1/2& 1930) INTO Xf PI
XI»1/2( 1930) INTO LAMBDA KBAR

5Z XI»1/2{ 19301 BRANCHING RATIOS

DECAY MASSES
1321+ 139
1115+ 497

M 2244 ' 0 5260 BARTSCH 69 HBC

22 XI» {2250) WIDTH & MEV)

130 0 80 ' 0 BARTSCH 69 HRC

22 XI» I/2 &225Q) PART IAL DECAY 00COE5

K-P 10 GEV/C 9/691

9/691

RL
RL
RL
Al

Xl 1 1/2{ 1930) INTO Xl Pl
SEEN
SEEN
SEFN

SAD LF R
ALI TT I
DAUBE R

( P I l
65 HBC 0
68 HBC 0
69 HRC

11/68
1L/68

P1
P2
P3

XI»1/2(2250) INTO Xl Pl PI
XI»1/2(Z250) (NTC LAMBDA KBAR PI
X It 1/2( 2250) INTO 5 I GMA KBAR P I

DECAY MASSES
1321+ 13'i+ 139
LLL5s 497+ 139
1197+ 497+ 139

LOCKED FOR BUT NOT SEEN IN OTHER CHANNELS SEE ALITT I 68 ~

fftftt ftfftffft ~ ttftfttf fffttftff »tet»f1 ~ 1 ffftf»fft »f111»SI»» fttt»1tt
REFERENCES -- XI{11/2(1930)

fft ttfttfttt fee»tet»1 1ttttftft tffff»tf1 tfttftftf fttftffff tfffff»
AEFEAENCES XI» & 2250)

RARTSCH 69 PL 288 439 + IAACHENs BERLINs CERNs LONDCNs VIENNA)

SAD IEA
AL IT I I
DAUBFR
APSELL

65 pL 16 171 .
68 PRL 21 LLL9
69 PR 179 1262
69 PAL 23 S84

+DEMO&)L IN sGCLORERGs + (EP ~ SACLAYPAMST) I
+FLAMINIO ~ METZGER ~ RAOOJICIC ~ +(BNLsSYPACUSE I I
+SERGE HUBBARD MERRILL' MULLER (LRL) I
+ (BRANOE ISs MARYLAND ~ SYRACUSEP TUFTS) 99 X lf 1/2t 25000 JP22 1 f 631/2

1tfttt 111111111 111111111 1ttttf 11» et ttttf tt 1ttf tf 111 111ttttf 1
tf f1ttf ftftff ftt f »f1~ f»f1 f1ttff tet ffttftfff ftff »f111 fttfftt

tftttf 1»tftttf» ttf1»tttt tttffffft fttttffft 111111»ft 11»ttfttt ttt»tet»
et»111 et tet»tet 1111etf tf 1111»1ttt tt»1 tt tf 1 1111»fta11 1111etf tt ttf 11111

~ I
O3O)

66 XI ~ I/212030, JP ~ I I ~ 1/2
w(r{

6S XI»1/2. &2030) MASS ( MEV)

=-(asoo)

99 Xl»1/Z(2500) )rASS &MEV)

IT IS QUITE POSSIBLE THAT THE REASON THE EXPERIMENTS
Of SAGREE ABOUT THE MASS AND W IDTH IS THAT THEY ARE
SFEING DIFFERENT XI»S ~ FCA NCW ~ HOWEVER P WE GRCUP

Tl'EM TOGETHER ~

M 2030 ' 0 LQs0 ALL TTI 69 HBC - K»P 3 9-5 REV/C
M 2058 0 17~ 0 BARTSCH 69 HBC K-P . LOGEV/C
M ~ ~ ~ s ~ ~ ~ ~ ~

AVG 2037 ~ 2 12 ~ 2 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 4)

9/egf
9/6 91

{2430' 0)
2500a0

(20 ' 0)
LQ 0

99 X l»1/2{ 2500) W I CTH (MEV l

ALITT I 69 HBC K-P 4 6-5 GEV/C 9/691
BARTSCH 69 HRC 0- K-P 10 GEV/C 9/691

68 XI»1/2(2030) WIDTH {MEV)

W 45 Q '40 0 20 0 ALI TTI 69 HBC
W 57 ' 0 30 ' 0 BARTSCH 69 HBC
'W s ~ ~ s ~ ~ ~ ~ s
W AVG 5L 0 21 2 AVERAGE (ERROR INCLUDES SCALE FACTOR CF 1 0)

9/6 lt
9/6 91

W 150~ 0 6000 40 ~ 0 ALITTI 69 HSC
5900 27 ~ 0 BARTSCH 69 HBC 0-
0 0 ~ ~ ~ ~ s ~

AVG 79 5 38~ 0 AVERAGE (ERROR INCLUDES SCALE FACTOR CF I ~ 6)

99 XI»L/2&2500) PARTIAL DECAY NODES

9/691
9/691

P1
PZ
P3
P4
P5

68 XI»1/2{2030) PARTIAL DECAY,MODES

XI»1/2(2030) INTO XI PI
XI»1/2{2030) INTO LAMBDA KBAR
XI»1/2{2030) INTO 5(GMA KBAR
XI»1/2{ 2030) INTO Xlt I/2& 1530) P I
X(11/2&2030) INTO LAMBDA &OP. SIGMA) K{)AR PI

OEC AY MA SSE 5
132L+ 139
1115+ 497
1197+ 497
1530+ 139
1115+ 497+ 139

Pl
P2
P3
Pa
P5
pe

X I » 1 /2 ( 2500 )
Xi»1/2(2500)
XI»1/2( 2500)
X I 11/2 ( 2500)
XI»1/2(2500)
XI»1/2& 2500)

INTO XI P I
INTO LAMBDA KBAR
INTO SIGMA KBAR
INTO XI»1/2{ 153Q) P f
INTr) LAMBDA & OR 5 IG)0A ) KRAR P I
INTO Xl P I PI

CECAY MASSES
1321+ L39
1115+ 497
1197+ 497
1530+ 139
1115+ 497+ 139
1321+ (39+ 139

RL
RL

R2
A2

R3
R3

R4
A4

R5
R5

68 ' XI»l/2t 2030) BRANCHING RATf05

Xi»1/2{2030l INTO {Xl Pl)/{MODES Pl TO P4) (PL)/{PL+F2&P3+P4)
{0630l OR LESS ALITTf 69 HSC — 1 STO DEV LIMIT

XI»1/2{2030) INTO (LAM KBAR) /IrrOOES Pl TO P4) &PZ) /(P LtPZ+P3+P4)
0 25 0 15 ALI TT I 69 HBC

XI»1/2I2030) INTO I SIG KBAR)/I MODES Pl TO P4) IP3)l tPLtPZ+P3+P4)
0.75 0.20 ALITTI 69 HBC

XI»1/212030) INTO t XI» PL I /&MODES Pl THRU P4) {P4) /&PL+P2+P3+P4 l
{0~ 15l OR LESS ALITTI 69 HSC - 1 STD DEV LIMIT

XI»1/2{ 2030) INTO LAMBDA {OR SIGMA) KBAR PI {P5)
SEEN BARTSCH 69 HBC

fffff1 fftttttff 1111111111111»tttt ttttf»ftf tttttftff ftttftttf tttffttt

9/691

9/691

9/691

9/6 91

Rl
RL

A2
R2

R3
R3

R4
R4

R5
R5

R6
Re

99 Xi»1/2&2500) BRANCHING RATIOS

XI»1/2(2500) INTO (XI PI)/(MODES Pl THRU P4) t Pl ) I (PL+P2+P3+P4)
t 0 ~ '5 l OR LE 55 ALITTI 69 HBC 1 STO OEV LIMIT 9/691

X(11/2&2500l INTO &LAM KSAR)/&MODES Pl THAU P4) &P2)/&PL+P2+P3+P4)
0 ' 5 0 ' 2 ALITTI 69 HBC

XI»1/2&2500) INTO t SIG KSAR) I &MODES PL THRU P4) (P3) /(PL+PZ+P3tP4)
0 ' 5 0 ' 2 ALL TTI 69 HSC

9/691

9/691

Xf»1/2(2500) INTO LAMBDA (OR SIG)rA) KBAR Pl {P5)
SEEN BAATSCH 69 HRC 0.-

Xl»1/2(25001 INTO Xl PI PI &P6)
SEEN BARTSCH 69 HSC 0-

9/691

9/691

Xl»1/2&2500) INTO (Xlf PI)/(MODES Pl THRU P4l (P4)/tPL+P2+P3+P4)
{0~2)OR LESS AL I TT I 69 HSC 1 STD DE V LI M

I'I 9/691

ALITTI 69 PRL 22 79
RARTSCH 69 PL 288 439

REFERENCES —Xl»1/2t2030)

+BARNESIFLAMIHIOPMETZGERP + &BNLPSYRACUSE) I
+ &AACHENs BERLIN' CERNs LONOCNP VIENNA)

tft tttfttttt f1lfttfft f»1111111 ttttttfff ttftttttf ttttfttff tfffttttffttft ttttftftt f1tet»tet tff»11111 11»fttftt ~ tet»1 ttt ttttt»111 tet»f1 ~ 1

f1f1~ 1f1ff1ftt 1»tttf ttf ttf ~»1111 1111»ftf1 ttttt»111 tt ~ ~ tet»1 tft»111

ALL TT I 69 PAL 22 79
BARTSCH 69 PL 288 439

REF E AENCES —X I»1/2 ( 2500 )

+BAANES ~ FLAMINI 0 ~ METZGER ~ + t SNL ~ SYRACUSE )
' I

+ t AACHEN ~ BERLINs CE'RN ~ LONDON ~ V IENNA )

1111111~1 »f1~ 11111 tt tf 11111 ~ tf ttt ttf 111111111ftt»111»t 11111'tt
fftftt tttffft»t ttffttttf ttftttftf ffttttff1 tfftfttft ttftttftt 111»tft

24 OMEGA &16750 JP 3/2+) I=0

SEE LISTINGS OF STABLE PARTICLES

111111111tat»tet»1 ftftftttt 111111111ftttffttt 11111»tt
fftttf tf tf tt ttf fttttf1 et 1tftf 1tet tttttttft tf ttttttf 11ttttttf

See the illustrated key preceding the data card iistings.
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APPENDIX L Test of El=i/2 Rule

for K Decays
The quantities of interest for making tests

of theoretical predictions regarding the BI=i/2

r
0K

0K

1
K

p3
1

Ke3

= i.05+.06

I +
= I + I' = (6 50+ i2)Xi0 sec6

Kg3 K3 K3
I'

K+ K+7:.. . 7'

r . 1
K Kp3 e3

= (3.i35+.044)Xi0 sec6

0.6 56+.02 3

rule for K decay are usually partial decay
rates for single channels or special sums of

channels. It is not possible to compute the

errors on sums, differences, and ratios of
partial decay rates from the information
given in the Table of Stable Particles be-
cause of the presence of off-diagonal terms
in the error matrix. For this reason we

give some of these quantities below.

Table I.
(000) or' (+-0) refer to the sign of the pions

into which the K decays.

charged K meson. )

2. :Three -pion decays
We follow he re the te s ts done by Mas t

3et al. , based on the general analysis of K
4de cays sug ge s te d by Z emach. Both de cay

rates and slopes (energy dependence of the

Dalit2: plot distributions) are used. The

EI = i/2 rule gives the following predictions:
I' . 1"

K'(000)
3

K (+-0)

1 I'
K~ K~I

44

These results seem to show a less than

20' dis ag reement with the predictions, but the

errors should be regarded with caution in

view of the internal disagreements in the data.
(Note the ideograrns in the data listing for the

I I'
K K

7 '1

3.28+.09
I'

Kg
I'

K (+-0)

+ I' = (i2.20+.45)Xi0 sec6

K~3 K 3 K03

I'
K

p3

1
K

0.6 89+.02 8

i.703+.075
K (000) K (+-0)

Leptonic decay rates
The 1" rates are useful in testing the

2I" = i.0i2, a phase-space
X3

I'
X3

2factor, and

r =r 1
Ko K Ke3 p3 e3

From Table I,
1

X3

2I'
+

= 0.94+0.04
X3

leptonic AI = I/2 rule in the way suggested by
Trilling. The predictions are

UDP

yi (000) = i.487

(+ - 0) = i.2 i 9

P (++-) = i.000

$4(+00} = i.247

Method

NUDP

i.487
i.268

i.000

i.i 84

CNUDP

i.45i
i.268

i.000

i.i55

4=2 g + g +K ~ K
T

where the $i are the phase space factors.
Mast et al. have calculated. these factors by
use of a relativistic formulation and the

masses from this compilation. The factors
labeled UDP are the relative areas of the

Dalitz plots, assuming a uniform distribution.
The NUDP include the observed slopes (see
below). The CNUDP have been calculated by
including the final-state Coulomb interaction.
The values are:
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The slopes for the various decays have

not been tabulated in the Stable Particles
. Table.

g
K

They are as follows:
= -0.206+0.009

-0.198+0.006,
= -0.194+0.007, '

gz+
pt

0.511+0.018,

g = 0.400+0.033 .
KL(+-0)

+ ~a

A difference in the v and v slopes would. be
an ind. ication of CP violation in this decay.
Since no difference is present at this time,
we average the two and use this value in T4.

Using the CNUDP and. rates and slopes re-
ported here we get:

T1 = 0.002+0.044,

T2 = 0.947+0.026,

T3 = 1.22+0.050,

T4 = 0.058+0.019 .
The three-pion final state can be in isospin
states I = 1, 2, 3. T1 and. T2 test the existence
of isospin I = 3 in the final state and are con-

sistent with no or very little I = 3, T4 is
related. to the I = 2 amplitude in the final state

and indicates, within three standard deviations,

the presence of soxne I = 2, T, finally, gives
information on the BI = 3/2 part of the I = i
amplitude relative to the b, l = i/2 part and

seems to be the largest violation of all.
More information can be drawn by com-

paring the slopes; for this we refer the reader
3

to the paper by Mast et al.
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Appendix II
A. SU{3) CLASSIFICATION OF BARYON

RESONANCES

In terms of a relativistically invariant

matrix, element T, the decay rate for two-

body decay of a re s onance of mas s MR is
IT1 R2

M
(5)

R
where R2 = k/MR is the two-body phase

space factor. Since the numerator is an in-

variant, and since I' xnust transforxn as i/E,
we introduce the denoxninator i/M (see

FEYNMAN 62).
For meson decays (see below) the rates

are calculated according to Eq. (1); for
I +

baryon resonance decays into 1f 2 baryons. .

and 0 mes ons, one next takes into account
2.

the fact that spin sums in )T ) introduce an-

other factor MR, cancelling the i/MR. We:

are then left. with

for baryonsITl k

R

for mesons ~
lTl k

MR

In Eqs. (6) and (7) b'elow, tT I is di-

mensionless, so we tidy up the dimensions
2

by introducing a factor of mass MN (or MN

for mesons), where MN is conventionally

taken to be the nucleon mass.

(5t t)

There are a few multiplets that have been
studied and we report here the results. The

relevant formulae are given below.

Mass Formulae

Decuplet A -Z =Z -™~~~~=" "-0 GMO (1)
Octet 2(N+" ) =3A+Z GMO (2}

A -M8
(3)

8 3 GMO (4)

Here GMO stands for the Gell-Mann-Okubo form-

ula; the particle symbol indicates its mass. The

formulae would be the same if squared masses
were used. For the nonet case, A is the

"mostly-octet" particle, A' is the "mostly-
singlet" particle.

Decay Rates
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I T I contains centrifugal barrier2

fa=tors, which we ca11 B&. We then have

De cuplet
Singlet

Octet

Nonets

1 =(cg) B~ (k) M k (6)
R

M
+ =('Dgo+'Fgr ~~ M R
G =A cos 8-A' san 6

8
G1=Asin W-A' cos 0

(8)

with G8 =cDgD+ cFgF
G1=c1g1, (9)

D 3 go'
Table I shows the situation.

{10)

We now discuss
each multiplet in detail.
&-Nonet (Baryon-Eta Resonances)l

ViTe report here the results of Tripp (1969).
The xnixing angle 6 as well as the first F/D
ratio have been calculated. by using the A (1670)
and. A (1405) decay rates. Relation (7) was

2M - M
multiplied by the factor, where

MR -MB
M is the d.ecay baryon and M -M = 564MeV
is the difference of the xnean i/2 and i/2
baryon octet masses. This factor has been
suggested by Gell-Mann et al. (Gell-Mann,
i 968). The second F/D ratio was calculated.

Here B& are the centrifugal barrier factors
given by Blatt-Weisskopf (195Z), the c. are the

1
SU(3) coefficients with the sign convention

adopted in this article [see long caption for
the table of SU(3) isoscalar coefficients],

MN is the nucleon mass, MR is the resonance
mass for which 1 is calculated. , k is the

center-of-mass momentum for the channel

being cons ide red, g. a re the re levant coupling s.1
For the case of singlet-octet mixing, forxnula

{8)has to be used. in conjunction with {6) and.

(7). G8 and G1 represent the couplings for
the xnultiplet, and A and A' represent the

couplings for the physical states.
The relation between gD, . gF and the D

(symmetric) and F {antisymxnetric) couplings

is as follows:

by using the N(1.535) decay rates. Using the
mass formulae (3) and. (4) with 19 deg mixing
angle, the mas s for the ™xnembe r of the

octet falls at M = 1818 MeV (not observed).
3/Z Nonet

The mixing angle is from Levi Setti {1969),
calculate d by us ing the A {1690)and A (1520)
decay rates. The F/D ratio is froxn Tripp
{1968), taken to be the xnost likelyvalue for
the interception of the lines in the plot of

gF vs gD for all the rnernbers of the octet.
The mixing angle, calculated by using the
xnass formula and assuming {18ZO) to be a
member of this multiplet, is ZO deg. The de-
cay rates for " (1820) are in agreement with

the decay rates of the other mexnbers of the

multiple t.
3/2 and 8/2 Octets+

The F/D ratio is taken froxn Tripp (f968),
again as the intersection in the plot of g vs g
for the decay rates xneasured (see Baryon Table).
3/Z and 7/2 Decuplets

Tripp (1968}has calculated the value of

g for the various mexnbers of these decup-2

2lets. The value of g should be common to
all decays, but it appears to be significantly
different.

B. SU(3) CLASSIFICATION OF MESON
RESONANCES

All of the discussion above applies, ex-
cept that for Bosons the GMO forxnula is
usually applied to the square of the xnasses,
as opposed to the first power for fermions.
Thus for example, Eq. (2) becomes

4K = 3q+ m. (Zf )

The symbol K was introduced by Glashow and

Socolow for the square of the K xnass, etc.
Because of the difference between Eqs.

(5') and. {5"),there is also an extra factor of

(MN/M ) in Exls. (6) and (7).
For mesons there are only three estab-

lished nonets: 0, 1, and 2, s o it has been
possible to crowd a small note about them at
the bottoxn of the footnotes to the meson table.
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Table I. SU(3) baryon multiplets with two or more known members.
The coupling constants are those for decay into baryon (i/2 ) octet
pseudoscalar meson octet.

Octet members

1/Z N' (1535) A (1670} Z (1750)
I

3/2 I N(i 530) A (1690) Z (1670)
5/2 N(i 670) A (1830) Z (1.765)

+ I

5/2 I N(1688) A (181.5) Z (1915)
De cuplet membe r s

Singlet

- (1818}? A (1405

- (i820)? A (1520)

2
g~o

6(degrees)
I I

19

!
-18+3

F/D

- l.77
or- 1.98

i.i9
-0.13

gD
1

j
0.42

! 0.45

i
0.34

! 0.77

! 0.56

3/2 b, (1236) Z (1385) - (i530)
7/Z b (1950) Z (Z030)

0.94 to 2.38

0.25 to 0.97

a. Using formula (i0) one can derive g

Footnotes and References
for SU{3) Classification

The formula has been calculated. from ana1-

ogy with the formula for mixing of meson
states, first put in this form by S. L. Glashow

and R. H. Socolow, Phys. Rev. Letters 45,

329 (1966). For the baryon formula see A.

8arba r o -Galtie ri, Phenomenology of Re s o-
nances and Particle Supermultiplets,
UCRL-17054 (1966).
e S. M. Blatt and V. F. Weisskopf, Theo-
retical Nuclear Physics, Wiley, New York

(195Z).
e M. Gell-Mann, R. Oake s, and. B. Renne r,
Phys. Rev. 1.75, Zi95 (1968).
e R. D. Tripp, in Proceedings of the 14th

International Conference on High Energy
Physics, Vienna, 1968, p. 173.
e R. Levi Setti, in Proceedings of the Lund.

Inte rnational Conf e rence on Elementary
Particles {1969}.
e R. D. Tripp, Proceedings of the 3rd
Hawaiian Topical Conference on Particle
Physics, UCRL-19361 {1969).

e R. P. Feynman, Theory of Fundamental
Processes, W. A. Benjamin, Inc. , New York,

1962.
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CONFIDENCE LEVEL VS. X FOR nD DEGREES OF FREEDOM
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:=For n & 50,

0.0006 =—

P.PPPf) =CL~&Z f exp(- ~ )dx — ',

0.0003—
LR I. 1 'i 'i

I00002 -wiTh y4px~ —dion -I x K 'I 4 l L i

I I I I I I I iltillli i
&, '( I'I l I'i il i' I il

fc
I

I00

2 2For ally nD, (X ) = nD, 5(X ) = /2n". For
large nD, XZ becomes normally disPributed
about nD. Thus in the notation of the box in the
figure;

y&= (X -n)/ g 2n. . has unit s. d.2

A better approximation, due to Fisher, is that
X, not X, is normally distributed, specifically

y&
= g 2X - fit 2n -i has unit s. d.2

D
One sees then that y& underestjrnates small
C. L.'s. Thus for n = 50 and X = 80, y& = 3.0
and C. L. = O. i3/o vs yp = 2.7, C. L. = 0.35/o.
~R. A. Fisher, "Statistical Methods for Re-
search Workers, " Oliver and Boyd, Edinburgh.

GAUSSIANLIKE DISTRIBUTIONS
For n & -1 but not necessarily integral:

J
oe

2n+ 1 x2 n 2n+2x exp - ~ dx = 2 n! (y;(T)!=&fr/2
20'

Relation between standard deviation (y
' and mean

deviation e '.

2 2.2(y = fftz; 0 = 1.4826 probable error
Odds against exceeding one standard deviation = 2.15:1;

two, 21:1;three, 370:1; four, 16,000:1;
five, 1,700,000:1~

Atomic and Nuclear Properties of Materials

Material
H

DZ

He

Li
Be

Z A

1 1.01
2.01

2 4.00

3 6.94
4 9.01

Cross Section
sa

barns
0.063

0.100

0.16

0.23
~ O.28

Collision f)ength
Lcoil

gcm 2 cm
26.5 374

33.4 202
4Z. O 336
50.4 94.3
55.0 29.9

Minimum
-dE/dx

Mev g 1 cmZ MeV cm
4.13 O.Z9?

2.07 O.34?
1.94 0.24?
1.69 0.90Z

1.60 2.96

Radiation+ength
rad

g cIn

58.0
116
85.4

Cnl

819
703
683
148

34.7
78.7
63.7

Den s ity
p

g cm"3

0.0708
0.165

0.1?5
0.534

1.848

NZ

Ne

Fe
Cu

6 12.01 0.33 60.4
7 14.01 0.36 63.6

10 20.18 0.465 7Z. 1

13 26.98 0.57 79.2
26 55.85 0.92 101.2
29 63.54 1.00 105.4

f
78.9
60.1
29.3
1?.8
11.8

f,78
1.81
1.7 3

1.62

1,48
1.44

f
1.46

2.08

4,37
11.6
'1? .9

4Z.4 f
37.8 46.1
29.1 Z4 2

24.0 8.9
13.9 1.8
12.0 1.34

«1.55

O.SO8'

1.2oo' ~ k

2.70

7.87

8.96

Sn
W

Pb
U

50 118.69
74 183.85

82 207.19
9Z 238.03

1.55

2.02

2.20

Z.4Z

iZ9. 7 i'(, 8

i50.8 7.80

156,2
' 13.8

163.6 =8.63

1.28 9.4 8.89
1.17 2Z.6 6.89

1.13 1Z.S 6.52

1.09 =20.6 6.13

f.22 7.31
0.36 19.3
0.58 11.35

=0.32 =f8.95

Air
Freon (CF3Br)
HZ (bubble chamber, 27'K)
H-Ne mixture (bubble chamber)&

Hzo
IlCord Emulsion

Air
Freon (CF3Br)
HZ (bubble chamber, 27'K)
H-Ne mixture (bubble chamber)&

HZO

Ilford Emulsion

64.6 53620 1.81
87.1 =58.0 1.52

26.5 44/ 4.13
67.3 96.1 1.83
57.2 5 I.Z 2.03

103.0 27, 0

64.6 53620 1.81
87.1 =58.0 1.52

26.5 442 4.13
67.3 96.1 1.83
572 57Z . 203

103.0 27, 0

0.0022
=2.3

0.248

1.28

2.03
5.49

0.0022

e2.3

0.248

1.28

?,.03
5.49

36.5 30290
16.6 =11
58.0 970
29.Sl 42. 51

35.7 35.1
1 f.2 2.91

36.5 30290
16.6
58.0 970
29.8I 42. 5I

35.7 35.7
1 i.2 2.91

OIOO12O5g

=1.5'
no. 060

.70
1.00

3.8f5

0,0012058
=f.5
n 0,060h

.70
1.00

3.815

LiF
Mylar (C5H402)
Nai

Polyethylene (CHZ)
Polystyrene (CH) [e]
Propane (C3HS. bubble chamber)

63.8 24.2 1.69 4.46
59.1 42.8 1.9 1 Z. 64

119.0 32.4 1,3Z 4.84

5 f.o n55.5 2'09 of.92
54.9 -52.3 2.03 =Z. 14

48.9 119.3 2.28 0.935

39.0 14.8
39.6 28.7
9.58 2.61

44.1 %48

43.4 -41.3
44.6 109

2.64

1.38

3.61
n0.92
-1.05

0.41

a. ceo cs(n/m c) XA/ =628mbXA/natural s
b. L ll

= A/(Ne tu al) = Z6.5 g cm X A

c. From W. H. Barkas and M. J. Berger, Tables of Energy Losses and Ranges of Heavy Charged Particles,
NASA SP -3013 ( 1964)

d. Mainly from High Energy and Nuclear Physics Data Handbook, W, Qalbraith and W. S, C. Williams, Ed.
(N. l. R. N, S, , Rutheriord 1 ab, , Chilton, Didcot, Berks. ) 1964

e. Liquid phase at 1 atm. and boiling temperature. f. density variable g at 20'C
h, May vary by about e 3', depending on operation conditions
i. From F. R. Huson. Ionization Loss, Range, Straggling and Multiple Scattering, BNL 11386 (1967)
j. 53.7 atomic percent Ne.
k. Density of gas at STP = 0.900X10 g crn, i. e. 0.75X10 times the density (1.200) of the boiling liquid.

-3 -3, . . . -3

f ) Typical scintillator, e. g. PlLOT B has H/C e 1.1.

MULTIPLE COULOMB SCATTERING
The rms projected angle 9 due to multiple Coulomb

scattering {only) of a particle of charge z,
momentum P, velocity V is

PV M V 0 L (1+ h) radians;

where L = length in scatterer.
For L &~ 1/10 L(rad) e is generally & 1/10. The

distribution of 0 is not truly Gaussian. c The rms
projected displacement y on'traversing an absorber
of thickness L is y = L9 /W3 ~rms pro j

RADIOAC TIVIT Y

1 curie = 3.7 &&10 disintegrations/sec
R = 87.8 ergs/g air = 5.49&&107 MeV/g air

Fluxes {per cm2) to liberate 1 R in carbon:
3X 107 minimum ionizing singly charged particles
0.9&&109 photons of 1 MeV energy.
(These fluxes are actually correct to within a factor

of two for all materials. )
1 R of radiation, particularly for neutrons, may produce

up to - 10 "rem" {R equivalent for man), even 20
"rem" for tt and other heavy ions.

Natur al backgr ound: 120~130 milirem/year
divided as follows:

cosmic radiation —charged part. +neutrons ™25 milirerq/yr
ff ff

Y 25 ff II

Rock and air - Y 73 ff lf

The permissible occupational dose for the whole body:
100 milirem/week, , but 1.25 rem per calendar quarter.

b. Mainly from G. Z. Moll@re, Naturforsch. 3 (a),
78 ('l948).

c. See, for example, the experimental work of
A. D. Hansen, L. H. Lanzl, E. M. Lyman and
M. B. Scott, Phys. Rev. 84, 634 (1951).
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